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INTRODUCTION 


JOHN  W.  RIGGS,  COLONEL,  USAF 
CHIEF,  GROUND  SUPPORT  EQUIPMENT  I/M  DIVISION 
DAYTON  AIR  FORCE  DEPOT 


INTRODUCTION  BY  COLONEL  JOHN  W..  RIGGS 


We  welcome  you  to  Dayton  Air  Force  Depot.  It  is  Indeed  kind  of  so 
many  of  you  to  attend  what  we  consider  is  our  most  important  project. 

Being  in  the  service  you  look  over  any  audience  and  see  many  friends 
and  look  forward  to  a  get  together  at  coffee  break  and  lunch. 

We  would  like  to  extend  a  special  welcome  to  Mr.  John  R.  Taylor,, 

Director  of  Maintenance  Policy,  Office  of  Secretary  of  Defense, 

Mr.  Taylor's  position  (GS-18)  is  the  equivalent  of  the  rank  of 
Major  General.  We  are  especially  pleased  that  he  could  find  time 
to  attend  and  hope  that  he  will  consider  his  time  well  spent.  We 
also  welcome  Lt  Colonel  Anthony  Quesada,  Hq  USAF,  and  Mr,  James  Grodsky, 
Office  of  Director  of  Defense  Research  and  Engineering,  Office  of 
Secretary  of  Defense. 

A  luncheon  has  been  planned  for  1230  in  our  cafeteria  and  immediately 
following  our  adjournment  today,  a  cocktail  party  will  be  held  in  the 
Officer's  Club. 

I  now  introduce  our  Commander,  Colonel  William  W.  Veal,  who  will  give 
you  the  welcoming  address.  Colonel  Veal  came  to  the  Depot  last  summer 
as  Deputy  Commander,  taking  over  as  Commander  1  December  1960.  Prior 
to  that  he  served  as  Deputy  Commander  of  Mobile  Air  Materiel  Area,  as 
well  as  many  other  assignments.  Gentlemen,  Colonel  Veal. 
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WELCOMING  ADDRESS 


COLONEL  W.  W.  VEAL 
CCMMANDER 

DAYTON  AIR  FORCE  DEPOT 


INTRODUCTORY  PROLOGUE 


John  W.  Riggs,  Colonel,  USAF 
Chief,  Ground  Support  Equipment  I/M  Division 
Dayton  Air  Force  Depot 


INTRODUCTORY  PROLOGUE  BY  COLONEL  RIGGS 


I  am  genuinely  pleased  to  have  the  opportunity  to  meet  with  you  to  discuss  the 
extremely  important  subject  of  automatic  test  equipment.  Through  personal  desire  and 
Insistence,  I  was  given  my  present  assignment  as  Chief,  Ground  Support  Equipment  Inventory 
Management  Division.  This  job  offers  an  unusual  vantage  point  with  respect  to  this 
great  area  of  automatic  test  equipment.  X  wanted  this  assignment  because  I  believe  in 
the  future  of  automatic  test  equipment.  Automatic  test  equipment  can  be  a  good  and 
faithful  servant;  it  can  call  out  to  us  areas  that  need  attention  and  effort;  it  can 
caution  us  where  danger  may  exist  and  it  can  reassure  us  when  all  is  well.  Of  course 
there  are  times  when  this  servant  becomes  our  master;  not  only  telling  us  that  we  must 
do  something  but,  with  exasperating  precision,  telling  us  that  what  has  been  done  by 
human  hands  is  not  quite  good  enough.  Automatic  test  equipment  techniques  and  procedures, 
however,  are  a  must  for  the  future. 

Before  1  discuss  the  future,  let  us  review  quickly  the  past  and  present.  Let  us 
look  back  about  25  years,  or  about  ten  years  before  Worldwar  II.  At  that  time,  we  had 
great  stability  in  our  military  personnel  and  in  the  weapons  and  equipment  they  used 
and  maintained.  This  enabled  us  to  keep  up  quite  well  as  technology  advanced.  But 
with  the  magnitude  and  tempo  of  the  war,  large  numbers  of  advanced  complex  equipments 
were  produced  and  put  into  the  users'  hands  so  quickly  that  our  technical  capability 
could  not  match  the  pace.  About  the  time  the  war  ended,  we  were  almost  on  top  of  the 
problem,  but  then  followed  demobilization  and  the  military  services  were  able  to  retain 
only  a  small  part  of  the  skills  we  had  worked  so  hard  to  create.  This  would  not  have 
been  serious  except  for  two  new  events.  We  entered  the  jet  age.  This  was  followed 
quickly  by  the  Korean  Conflict.  Here  again,  a  multiplicity  of  complex  equipment  and 
crash  programs,  which  again  placed  into  the  users'  hands  equipment  that  had  not  been 
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adequately  engineered  or  service  tested  prior  to  production.  With  the  end  of  the 
Korean  Wa^,  demobilization  again  liberated  the  skills  we  had  again  so  painfully  and 
expensively  developed  and  trained. 

And  now  we  stand,  not  on  the  threshhold,  but  smack  in  the  middle  of  the  missile 
age  which  is  again  bringing  tremendous  advances  in  technology.  Almost  as  if  history 
were  repeating  itself  again,  our  progress  in  operational  mission  accomplishments  has 
raced  far  ahead  of  our  capability  to  maintain  military  equipment  in  a  dependable  and 
economical  manner.  Even  when  accompanied  by  reasonably  high  orders  of  skills,  facilities, 
manpower,  and  materiel,  we  find  limitations  in  our  ability  to  quickly  diagnose  equipment 
circuitry  that  needs  attention,  or  obtain  positive  reassurance  that  all  is  well  with 
these  new  weapons  and  equipment.  Looking  to  the  future,  automation  of  our  testing 
operations  is  a  must.  Our  methods  and  equipment  need  further  exploratory  tests.  Oh,  we 
have  within  our  separate  organizations  made  great  strides  in  specific  areas.  We  each 
have  had  our  fair  share  of  trial  and  error,  and  we  have  each  profited  by  these  experiences. 

I  do  not  propose  that  we  can  solve  any  automatic  test  equipment  problems  in  this 
session.  I  do  believe,  however,  that  our  greatest  accomplishment  can  be  the  establishment 
of  cordial  and  friendly  associations  upon  which  we  together  can  build  a  communications 
medium  for  exchange  of  information  about  automatic  test  equipment  to  our  mutual  benefit. 

We  do  not  know  all  the  answers,  but  we  are  firm  in  the  conviction  that  we  are  on  the 
right  road.  I  solicit  your  attention  to  the  fine  presentations  that  will  be  made  during 
this  session.  We  want  to  hear  your  opinions  and  comments  during  the  discussion  period 
that  will  follow  each  of  the  subjects  presented. 

I  would  like  to  call  upon  Mr.  Norm  Smart  of  our  Depot  Plans  and  Management  Office 
who  will  present  a  briefing  of  our  Depot  operations  and  give  you  a  preliminary  view  of 
automatic  test  equipment  and  automation  procedures,  which  we  employ  here  today. 
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MANAGEMENT  BENEFITS  THROUGH  USE  OF 
AUTOMATIC  TEST  EQUIPMENT 


Frank  W.  Kyle 

Deputy  Chief,  Ground  Support  Equipment  I/M  Division 
Dayton  Air  Force  Depot 
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In  this  presentation  I  will  discuss:  What  is  automatic  test  equipment,  where  we 
are  today  using  automatic  test  equipment,  its  application  to  depot-level  repair,  and 
the  management  benefits  which  can  be  derived  from  its  use. 

The  increasing  circuit  complexities  in  today's  weapon  systems  demand  new  methods 
for  testing  these  highly  complex  devices.  Many  weapon  systems  are  beyond  the 
specialized  repairman's  capability  because  of  the  magnitude  of  tests  required  for  the 
operational  analysis.  In  addition,  our  technical  engineering  talent  must  be  directed 
toward  development  tasks  rather  than  maintaining  our  equipment  in  a  ready  state. 

The  Air  Force  has  been  expanding  its  use  of  highly  complex  weapons  and  the 
requirement  for  automatic  test  equipment  along  with  other  GSE  has  become  the  major 
cost  of  the  system. 

What  is  automatic  test  equipment,  and  why? 

Briefly,  it's  nothing  more  than  manual  test  equipment  that  you  would  use  to 
check  out  a  system,  grouped  together  and  programmed  through  a  device  by  test  point 
selector  switches,  relays,  and  transducers,  to  perform  in  a  logical  sequence  manual 
tests  in  an  automatic  manner. 

Why  automatic  test  equipment? 

Uniform  Testing 
Consistent  Quality  Control 
Enables  Faster  Turn-Around  Time 
Higher  Quality  Product 
Logistic  Control 

Economical  in  Relation  to  Job  Performed 
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Dayton  Air  Force  Depot  was  given  the  program  responsibility  in  July  1958  to 
establish  an  automatic  test  equipment  program  for  depot- level  repair.  We  have  made 
"management  benefits"  the  target  of  this  program.  To  reach  this  target,  a  study 
had  to  be.  made  to  determine  whether  or  not  test  equipment  could  apply  to  depot 
level  testing.  After  determining  the  feasibility,  to  what  extent  could  it  be 
applied?  Could  it  be  applied  to  today's  systems,  or  must  we  design  the  test  points 
and  check-out  parameters  for  tomorrow's  systems?  After  these  two  phases  were  accom¬ 
plished,  what  would  be  the  effect  on  the  logistics  system?  On  the  repair  cycle? 

On  the  repair  time? 

A  major  step  that  cannot  be  overlooked  is  the  cost.  What  will  be  the  cost  of 
applying  automatic  test  equipment  to  depot-level  repair?  What  effect  will  automatic 
test  equipment  have  on  total  replacement  parts  cost? 

We  at  Dayton  Air  Force  Depot  have  had  an  aggressive  program  to  determine  these 
factors.  I'll  go  through  each  of  them  for  you  and  discuss  the  progress  in  each  area. 

The  objectives  established  for  our  program  are  "maintain  and  improve  equipment 
reliability".  Build  toward  standardization  in  check-out  and  stimuli  equipments.  In¬ 
sure  check-out  equipments  include  maintainability  and  self-check  features.  Provide 
the  greatest  flexibility  possible  consistent  with  the  requirement,  concept  of  mainte¬ 
nance,  and  cost.  Keep  in  mind  the  repair  concept  of  "maximum  repair  in  the  field". 

We  find  that  today  automatic  test  equipment  has  multi-applications.  Maintenance, 
in  the  Air  Force,  has  worldwide  responsibility.  We  are  using  automatic  test  equipment 
foe  system  check-out  of  ground  radars,  for  shipboard  use,  for  missile  count-downs. 

It  can  be  used  for  ground  communication  and  has  possibilities  for  fuel  flow,  hydraulics, 
and  many  other  areas.  You  can  see  that  automatic  test  equipment  has  possibilities  in 
the  majority  of  our  Air  Force  maintenance  work. 
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On  the  first  rim  of  our  target  we  had  to  determine  the  application  of  automatic 
test  equipment.  Is  it  actually  feasible  to  check  out  systems  going  through  depot- 
level  repair  with  automatic  test  point  analysis?  To  do  this  we  have  obtained  test 
equipment  which  will  check  systems  of  varying  complexity  automatically.  We  have 
programmed  these  equipments  for  repair  analysis  of  selected  airborne  communications 
equipment.  For  the  purpose  of  our  investigation  we  selected  automatic  test  equipments 
in  three  general  categories.  We  will  consider  these  in  dollar  categories:  $1-$10,000; 
$10,000  to  $70,000;  and  those  over  $70,000,  in  original  acquisition  costs.  The  equip¬ 
ments  selected  for  the  evaluation  tests  were  representative  of  equipments  in  their 
category.  We  do  not  say  chat  these  equipments  selected  for  the  tests  are  the  best; 
they  were  equipments  available  to  us  to  perform  automatic  check-out  work  at  the  time 
of  our  investigation. 

In  the  first  category  of  equipment  -  the  $1-$10,000  category  -  we  obtained  a 
Robotester.  The  Robotester  was  programmed  to  check  out  modules  of  the  ARC-27  UHF 
communications  set  on  a  static  type  test.  By  static  type  test  I  mean  the  set  is  turned 
off.  It  gives  you  a  resistance  type  check.  With  this  equipment  you  have  a  tape  program 
which  gives  you  a  "go  -  no  go"  condition  as  the  tests  proceed.  If  it's  a  "no  go",  the 
tester  will  stop.  It  will  read  out  the  particular  test  and  component  which  is  out  of 
tolerance.  This  equipment  is  versatile  inasmuch  as  by  new  cable  hookups  and  new  tapes 
tlie  sub-modules  and  control  boxes  of  many  systems  can  be  programmed  for  automatic  check¬ 
out. 

In  the  second  category  of  equipment  -  the  $10,000  to  $70,000  area  -  we  obtained  a 
CTI  unit,  which  is  a  California  Technical  Industries  unit.  It,  too,  is  a  static  type 
tester  that  has  capabilities  for  more  complex  circuit  checks  such  as  impedance, 
reactance,  etc. 
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In  the  third  category  we  obtained  a  DATICO,  manufactured  by  Nortronics,  which  is 
representative  of  a  highly  complex  static  and  dynamic  tester.  By  dynamic  testing  we 
mean  checking  the  equipmetit  under  actual,  operating  conditions  for  proper  sensitivities, 
voltages,  power  output,  etc.  This  tester  has  multi-capabilities  in  overall  system 
checks.  Other  equipments  in  this  same  category  are  the  DEE  made  by  RCA,  the  PATE 
made  by  Motorola,  the  DEMON  by  Curtis-Wright ,  the  SCATE  by  Stromberg-Carlson,  and  the 
GJQ-9  which  is  the  military  spec  version  of  a  program  comparator. 

Now,  for  the  second  rim  of  our  target:  Where  can  automatic  test  equipment  be 
used  in  depot-level  testisig? 

The  initial  investigation  has  been  directed  toward  airborne  electronics.  The 
ARC-27  communications  set  and  the  IFF  APX-6,  6a  &  25  series  equipments  are  being 
service-tested  utilizing  automatic  test  equipment  repair  analysis.  Middletown  AMA 
shops  are  accomplishing  pre-production  and  final  repair  tests  on  a  compass  amplifier. 
The  results  thus  far  indicate  applying  this  test  analysis  to  today's  systems  can  pay 
dividends  in  continued  equipment  reliability,  longer  mean  time  to  failure,  and  this 
results  in  less  mission  aborts  because  of  electronic  failure. 

What  has  been  the  effect  of  using  automatic  test  equipment  for  test  point  analysis 
at  depot-level  rep-ilr. 

Initial  results  of  our  program  show  that  the  repairman  checks  approximately  15 
points  in  a  manual  repair  operation,  whereas  through  automatic  test  point  analysis 
we  check  over  100  points.  Both  methods  of  repair  are  accomplished  in  approximately 
the  same  time  --  this  was  on  the  ARC-27  --.  However,  the  equivalent  repair  time  is 
due  to  the  requirement  to  replace  those  marginal  parts  which  are  coming  to  their 
end-of-life  cycle,  and  eliminating  the  marginal  conditions.  Many  of  these  marginal 
conditions  -  that  could  be  potential  early  failures  -  are  eliminated  during  the  repair 
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operation.  Repair  by  automatic  test  equipment  will,  we  believe,  extend  the  equipment's 
operation  time  and  reduce  aircraft  aborts  because  of  electronic  systems  failure. 

At  Middletown  AMA  where  they  are  using  automatic  test  equipment  for  B-6  automatic 
pilot  amplifier  testing,  the  amount  of  time  it  takes  to  do  the  repair  operation  was 
decreased  by  approximately  3%  hours  (17^  to  14  hours) . 

What  is  the  cost  of  automatic  test  equipment,  and  the  cost  of  using  it  in  our 
logistics  system?  How  would  it  help  our  Air  Force  management  system? 

To  determine  the  actual  repair  cost  versus  greater  meantime- to- failure  and  more 
system  reliability,  we  have  a  contract  with  Aeronautical  Radio  Incorporated  to  compare 
equipment  repaired  manually  with  equipment  repaired  by  automatic  test  point  analysis. 

The  ARC-27  -  an  Air  Force  high-volume,  high-cost  inventory  equipment  -  has  been 
our  test  vehicle.  At  Lockbourne  Air  Force  Base,  which  is  a  SAC  base,  we  are  conducting 
a  test  wherein  equipments  repaired  by  automatic  test  equipment  and  manually  are  installed 
in  B47-KC97  aircraft.  During  the  test,  comparisons  will  be  made  of  equipment  meantime- 
to-failure  between  manual  and  automatic  methods  of  analysis  and  repair,  the  reliability 
of  equipment  during  operation,  and  the  accumulation  of  information  to  predict  failure 
trends.  Test  results  thus  far  indicate  that  we  will  have  a  greater  meantime-to-failure 
and  more  reliability  by  the  elimination  of  many  marginal  conditions  during  the  automatic 
repair  cycle.  You  can  recognize  the  result  of  improved  mission  capability  at  reduced 
mission  cost. 

An  instance  of  practical  application,  using  automatic  test  equipment  for  a  logis¬ 
tics  tool,  was  accomplished  at  Davis-Monthan  Air  Force  Base.  (This  is  where  we  send  our 
aircraft  for  storage  and  salvage.)  The  first  stage  of  this  program  has  proved  very 


successful . 


With  one  piece  of  programmed  automatic  test  equipment  technicians  were  able  in  one 
month  to  complete  a  normal  10-month  workload  for  a  van  equipped  with  manual  test  equip¬ 
ment  and  technicians.  By  the  use  of  automatic  check-out  equipment  to  determine  ser¬ 
viceability  in  this  Davis-Monthan  project,  we  were  able  to  return  ARC-27  equipments 
to  service  in  the  shortest  possible  time  with  a  high  degree  of  assurance  that  they 
would  be  reliable  for  operational  use.  This  operation  eliminated  a  large  backlog  and 
the  need  for  re-procuremenc  action. 

A  second  phase  of  this  program  is  now  in  progress.  The  IFF  series  of  equipments  - 
APX-6,  6A,  and  25  -  are  being  checked  for  serviceability.  The  use  of  automatic  check¬ 
out  equipment  for  projects  such  as  this  certainly  is  a  management  tool  for  our  logistics 
manager  to  obtain  fast  turn-around  to  meet  his  requirements  to  using  activities. 

Our  program  thus  far  indicates  that  automatic  test  point  analysis  for  depot-level 
repair  is  practical.  Through  the  continued  tests  in  operational  aircraft  with  SAC  and 
ARINC  we  will  be  able  to  prove  that  the  cost  versus  the  additional  reliability  and 
maintainability  will  give  us  improved  and  economical  logistic  support. 

In  our  future  program,  the  ARN  21  TACAN  (which  is  Hi-Valu)  will  be  the  next  equip¬ 
ment  programmed  for  automatic  check-out.  Automatic  test  equipment  is  being  planned  for 
use  at  the  Heath  Facility  where  inertial  guidance  repair  and  calibration  will  be  accom¬ 
plished  . 

Project  Pilot  Test  is  now  starting  at  Dayton  Air  Force  Depot;  this  checks  ARC-27 
subassemblies,  and  -  through  consolidation  of  serviceable  subassemblies  -  complete  sets 
are  assembled.  This  will  produce  serviceable  equipments  in  a  fast  turn-around  and 
define  the  cause  for  reparable  equipments. 

We  have  arranged  with  Headquarters  MATS  to  service  test  tape  programs  in  a  field 
shop  environment  using  the  Robotester. 
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We  now  have  study  contracts  with  Stromberg-Carlson  and  Nortronics  to  develop  a 
criteria  for  determining  where,  we  should  use  automatic  check-out  equipment.  This 
study  will  also  determine  the  type  stimuli  required.  (By  stimuli  we  mean  the  equipment 
required  to  generate  the  necessary  test  signals  for  automatic  testing.)  The  results 
of  this  study  will  provide  a  basis  for  developing  standard  specification  requirements 
for  automatic  test  equipment  usage. 

The  study  will  also  develop  a  model  specification  for  standard  stimuli  equipm.ent. 
Standard  and  versatile  stimuli  is  a  "must”  in  order  that  the  automatic  test  equipment 
program  can  be  economical  for  application  to  depot-level  and  field-level  repair. 

1  think  you  can  see  from  the  program  thus  far  that  automatic  test  equipment  is 
an  important  tool  in  the  hands  of  the  logistics  manager.  By  reprogramming  the  equip¬ 
ment  to  new  systems,  we  do  not  obsolete  the  test  equipment;  it  can  be  reprogrammed  for 
the  next  generation  of  equipment.  It  will  reduce  the  amount  of  peculiar  test  equipment 
required.  We  can  realize  reduction  in  the  number  of  stock  items  entering  the  management 
system,  reduce  storage  requirements,  etc. 

Other  possibilities  for  using  automatic  test  equipment  are  in  the  check-out  of 
equipment-'  returned  to  depots  as  reparables  --  to  determine  the  parts  required  for  the 
repair  and  their  stock  number  identification,  to  identify  circuits  which  have  failed 
(for  statistical  analysis) ,  to  identify  for  the  repairman  (and  record  for  him)  those 
fiiarginal  conditions  which  require  analysis  to  insure  continued  equipment  reliability. 
Automatic  test  equipment  provides  a  common  tool  for  inspection  between  the  repairman 
aai  inspection  for  quality  control. 

The  logistics  manager  can  use  automatic  test  equipment  for  projects  such  as  the 
'  ru-  we  have  at  Davis-Monthan  Air  Force  Base  to  obtain  fast  turn-around  or  eliminate 
''It;  tequireraent  for  setting  up  additional  repair  facilities.  Programmed  tapes,  as  a 


supplement  to  our  Technical  Orders,  will  insure  reliable  and  consistent  field  repair 
methods  on  a  world-wide  basis. 

All  these  things  and  many  more  are  management  benefits  which  we  can  and  will  derive 
through  the  use  of  autom;j':ic  test  equipment. 

Automatic  test  equipment  can  be  an  important  tool  in  the  management  of  our  Hi-Valu 
Logistic  system. 
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HKATH  FACmrr 


EDWARD  JENNINGS 

Inertial  Guidance  Project  Office 
Directorate  of  Maintenance 
Dayton  Air  Force  Depot,  Dayton,  Ohio 


heath  facility 


INTRODUCTION;  For  those  of  you  in  attendance  who  may  not  be  familiar  with 
the  Heath  Facility,  I  would  like  to  take  this  time  to  present  the  facility's 
intended  mission,  location,  description  of  the  building,  and  planning  dates 
on  which  operation  will  begin. 

MISSION ;  The  Heath  Facility  will  be  jointly  utilized  by  two  organizations. 

They  are  the  USAF  Standards  Calibration  and  Certification  Division  and  the 
Inertial  Guidance  Specialized  Repair  Activity, 

The  USAF  Standards  Calibration  and  Certification  Program  is  directed 
by  Dayton  Air  Force  Depot,  Detachments  are  maintained  at  both  Boulder, 

Colorado  and  Wright-Patterson  ‘dr  Force  Base  here  in  Dayton,  Ohio,  This 
organization  has  world  wide  responsibility  for  calibration  and  certification 
of  all  Air  Force  Standards.  With  the  advent  of  new  weapons  systems,  especially 
missiles,  which  will  utilize  such  guidance  systems  as  Inertial,  Infrared  and 
Celestrial  Trackers,  new  requirements  are  generated.  To  meet  this  new 
challange  the  Heath  Facility,  due  to  its  high  order  of  seismic  stability,  will 
be  modernized  to  provide  a  light  tunnel  for  infrared  and  star  tracker 
calibration  as  well  as  suspended  platforms  with  extreme  stability  for  calibration 
and  certification  of  inertial  components.  A  special  room  for  dimensional  cali¬ 
bration  of  such  items  as  gage  blocks  and  angle  measurement  instruments  is  also  to 
be  provided. 

The  Inertial  Guidance  Repair  Activity  will  perform  single  point  organic 
specialized  repair  for  stable  platforms  and  its  components,  the  associated  gyros 
ard  accelerometers.  Weapons  to  be  supported  Initially  include  the  Atlas,  Titan, 
IHnuteman  and  Hound  Bog.  Planning  is  also  being  accomplished  for  repair  of  the 
GA2'1».87  Sky  Bolt,  AH  repair  for  these  systems  will  be  on  a  repair 
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and  return  basis.  The  average  check-out  time  per  stable  platform,  utilising 
conventional  equipment  is  one  hundred  and  twenty  (l20)  hours,  A  total  of  Two 
hundred  and  thirty  (230)  platforms  per  month  will  be  repaired  through  July 
1964,  A  work-load  of  this  magnitude  will  require  approximately  thirty-five 
(35)  complete  test  consoles,  Therefoiro,  it  is  in  this  area  that  we  believe 
VATB  will  be  most  beneficial,  A  more  detailed  explanation  will  be  given  by 
Mr,  Grits,  our  VATS  monitor, 

LOCATION ;  The  Heath  Facility  is  located  in  southeastern  Ohio  near  Newark, 
BACKQRDUND  AND  STATISTICS  ON  BUIUDING;  Originally  the  Plant,  k/iown  as  Air 
Force  Plant  #48,  was  intended  for  use  In  the  Heavy  Press  Program,  This  pro¬ 
gram,  which  was  later  terminated,  provided  a  capability  for  stamping  of  large 
wing  spars  such  as  those  used  in  B-47  aircraft.  The  one  story  steel  framed 
structiire  contains  approximately  396,000  square  feet.  It  has  two  pit  areas 
which  are  each  approximately  60  feet  deep. 

CONSTRDCTIOM;  Modemlxatlon  of  the  building,  which  up  to  this  time  has  been 
unused,  will  be  accomplished  by  construction  programs  being  handled  by  the 
Navy,  Final  designs  have  been  submitted  and  it  is  anticipated  that  construction 
contracts  will  be  let  during  February  with  actual  construction  beginning  in 
March  of  this  year, 

planning  DATBS:  Present  Calibration  and  Certification  planning  is  for  some 
calibration  equipment  to  be  placed  in  the  building  during  construction.  Other 
equipment  will  begin  transfer  in  January  1962,  Installation  and  check-out  of 
new  equipment  will  begin  in  March  1962,  This  will  take  approximately  ninety  (90) 
days  with  the  operational  date  being  1  Jxme  1962, 
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Inertial  Guidance  Repair  will  somewhat  parallel  Calibration  In  that 
Installation  and  check-out  Is  scheduled  for  February  1962  with  the  repair 
of  Inertial  Guidance  Systems  to  begin  In  this  order: 


ATLAS  (SM-65) 
MINUTEMAN  (SM-80) 
HOUND  DOG  (QAM-77) 
TITAN  (SM-68) 

SKT  BOLT  (GAM-87) 


1  June  1962 
1  June  1962 
1  July  1962 
1  September  1962 
1  May  1963 
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versatile  automatic  test  equipment  (vate) 


J.  P.  CRITZ 

Inter!*!  Guidance  Project  Office 
Oirectorate  of  Maintenance 
Dayton  Air  Force  Depot,  Dayton,  Ohio 


•WHAT  IS  VATS? 


As  the  Dutchman  might  say  "VaTE  is  vet  broke  der  vagon  down".  Or  If  your 
history  lead  you  through  military  experience  in  VWII,  you ‘11  remember 
“HURRY  and  VATE",  Around  this  Depot  you'd  think  it  was  WWII  all  over  again, 
due  to  the  priority  and  condensed  schedules  imposed  upon  the  much  emphasized 
VATE  program,  "HURRY  'N  VATE"  are  synonimous  in  our  Maintenance  Directorate 
language  today, 

VATE  stands  for  Versatile  Automatic  Test  Equipment  specifically  for  application 
to  depot  level  check-out  of  IGS,  This  name  was  attached  to  the  program  in  Aug 
60  and  will  probably  remain  until  a  better  or  more  appropriate  title  is  conceived, 
WHY  VATE? 

This  is  a  question  a  good  manager  might  ask  in  both  senses  of  the  word,  or  from 
the  Dutchman  again  "Vot  are  ve  VATING  for^  As  Mr,  Jennings  has  indicated,  VATE 
is  primarily  conceived  to  capitalize  on  the  commonalty  found  in  the  several  peculiar 
•Automati.^  Test  Eqxiip/ments  (ATE*s)  designed  by  each  of  the  Inertial  Guidance  System 
(I.G  Z*  ;  contractors  to  support  their  individual  system.  You  might  ask,  why  do  we 
(DAAFD)  wish  to  venture  into  this  extremely  exacting  science^  when  the  I,G.S, 

I outractors  of  necessity,  have  already  blazed  their  own  individual  trails?  Some 
wc'uJd  call  us  daring,  others  presumptive,  but  this  is  the  challenge  the  Air  Force 
i:  accepting,  and  the  following  are  some  of  the  reasons: 

If  we  don't  start  somewhere  along  the  line,  we'll  never  bs  ready  for  that 
X.G.S.  system.  As  many  of  you  well  know,  support  equipment,  in  many  cases, 
requires  longer  lead  times  than  the  equipment  supported.  Therefore,  well  designed 
-w<nt,-.ble  6'nd  versatile  test  equipment  should  materially  assist  us  in  avoiding 
^’r.tenance  support  headaches,  without  retarding  technological  advances  of  the 


','iviip'cient  .iupoorted. 


2,  Individual  people,  and  individual  contractors  (by  being  individual)  vrill 
always  approach  a  problem  differently.  Each  approach  will  have  its  good  points 
and  its  areas  of  compromise ,  Through  combining  the  best  from  each,  the  Air 
Force  should  be  in  a  position  to  materially  improve  the  overall  approach.  In 
all  fairness,  one  might  ask  here;  after  we've  standardized  this  equipment, 
would  we  not  rule  out  the  diversified  approach  and  thus  directly  lead  to 
stagnation^  But  a  little  further  thinking  will  allay  this  fear,  since  the 
advent  of  new  I.G.S.  systems  to  be  checked  out  will  always  bring  new  require¬ 
ments  and  standards,  which  must  be  answered  with  equivalent  resource fullness, 
growth  and  continued  integration  of  design.  Furthermore,  x^cognlzlng  that  the 
first  generation  of  VATE  will  only  realize  a  small  fraction  of  the  total 
potential  of  the  ultimate  standardization  goal,  much  emphasis  will  continually 
be  placed  on  development  and  growth  of  VATE, 

A  LOOK  AT  THE  VATE  PICTURE 

At  first  glance  we  can  see  a  large  potential  saving  in  floor  space,  A  fully 
integrated,  centrally  controlled,  and  time  shared  VATE,  in  lieu  of  many 
diversified  Individxial  ATE'S  (for  I.G.S,),  cannot  help  but  yield  substantial 
gains  in  overall  management  efficiency,  production  control  and  training.  In 
short,  VATE  demands  the  best  in  total  depot  management  efficiency.  But,  here 
we  are  too  anxious  to  go  immediately  into  the  futui'e,  VaTE  is  not  hei-e  yet. 

We  believe  it  is  just  around  the  corner  (about  a  year  and  a  half).  But  it's 
not  here  today,  so  the  Air  Force  must  buy  a  first  round  quantity  of  Contractor 
developed  ATE's  to  meet  the  first  work  load  requirements  of  Heath  to  the 
schedules  mentionec;  by  Mr,  Jennings,  This  means,  that  at  least  four  of  the 
first  five  I.G.S,  (namely  Mlnuteman,  Atlas,  Hound  Bog  and  Titan)  will  be  initially 
supported  at  Heath  with  peculiar  ATE's, 


VATE  CANMOT  BE  JUSTIFIED  ON  IMMEDIATE  SAVINGS 

VATE  is  the  vision  of  the  long-range  planner.  It  Is  the  payoff  for  future 
peculiar  ATE  equipment  not  needed.  It  is  a  necessary  initial  step  toward 
ultimate  integration  of  single  purpose  Depot  maintenance, 

A  GLANCE  AT  SOME  OF  THE  POTEWTIAL  SAVINGS 

1,  It  will  save  many  dollars  ($$$)  in  the  ultimate  requirement  for  less  test 
equipment  hardware, 

2,  It  will  save  much  in  manpower  and  training  which  would  have  been  required 
to  man  the  peculiar  test  equipments. 

3.  It  will  save  time  by  streamlining  the  whole  Heath  Check-Out  operation. 

4.  It  will  save  much  more  time  by  consolidating  technological  advancements  in 
Inertial  Guidance  Test  Procedure, 

HCW  OOMPLEX  ARE  INERTIAL  GUIDANCE  SYSTEMS? 

How  long  would  you  say  it  takes  to  check  out  an  acceptable  Atlas  I.G.S.  at  the 
factory?  Those  who  actually  know  will  please  refrain  from  stating  it  at  the 
moment,  It*s  around  two-hundred  (200)  hours.  Now  remember  that's  when  every¬ 
thing  works.  So,  when  platforms  sub-systems,  groups,  vinlts,  modules  or  components 
fail,  you  may  have  all,  or  a  large  portion  of  the  two-hundred  (200)  hours  to  run 
over  again, 

A  General  Motors  Executive  who  directs  the  design  and  manufacture  of  one  of  our 
major  I.G.S. ,  stated  recently  that  the  manufacture  and  check-out  of  one  (l)  I.G.S, 
gyro,  is  ten  (lO)  times  more  difficult  technically  than  designing  and  building  a 
new  model  Cadillac, 

Furthermore,  there  are  two  (2)  distinctly  different  'breeds  of  cats'  in  gyros. 

The  gyros  that  we  have  long  known  and  used  in  autopilots  and  gyro  compasses  are 
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many  times  less  perfect  than  IGS  variety.  If  one  were  to  compare  the  excellence 
of  workmanship  and  function  of  a  Model  T  Ford  with  a  Rolls  Royee,  one  would  still 
be  far  short  In  the  actual  gap  between  the  autopilot  gyro  and  the  IQS  gyro. 


WHAT  IS  OUR  OONCEPT  OF  TOB  FIRST 


ration  vatet 


The  overall  IQS  eheek<-out  problem  Is  of  such  a  degree  of  complexity,  that  we 
feel  wo  must  go  cautiously  on  a  'first  things  first*  basis.  We  are  aiming  to¬ 
ward  matching  step  by  step  the  check-out  procedure  which  has  been,  or  was  to 
have  been  done  by  the  Individual  IGS  contractor  designed  peculiar  ATE  equip¬ 
ment  for  each  system  that  VATE  will  replace. 

Since  no  known  IQS  contractor  has  Integrated  peculiar  ATS  to  include  more  than 
one  general  type  of  test  such  as  Diagnostic  Check-Out,  Platform,  Alignment,  or 
Gyro  Test,  etc.,  we  feel  we  should  only  attempt  to  integrate  Diagnostic  Check- 
Out,  Platform  Alignment,  and  Vibration  In  the  First  Generation  of  VATE, 


WE  RECOGNIZE  THE  IMKEDIATE  CHALLENGE  FOR  SECTND  GENERATION  VATE  GROWTH 
The  following  represent  some  of  the  more  fertile  ai*eas  of  growth* 

1.  Reducing  Test  time  after  sufficient  correlation  guarantees  equivalency  with 
the  complete  test, 

2.  Integrating,  combining,  and  developing  Improved  Gyro  and  Accelerometer  testing, 

3.  Bmploylng  Operational  Analysis  and  Systems  Engineering  as  well  as  Job  Methods 
Analysis  to  all  steps  and  phases  of  IGS  check-out,  as  well  as  to  VATE  Itself. 

VATE  TIME  TABLE 

Now  that  you  have  heard  the  What,  Why,  How  Complex,  and  the  Caution  of  our 
appz*oach,  we  will  reveal  the  When  by  exhibiting  a  brief  time  table  with  a 
general  statement  concerning  each  major  date.  27 


1.  June  i960  -  The  Commander  of  AMC  (Gen.  Anderson)  Issued  notice  to  all 
Centers  t  AMA'e  and  Depots  within  AMC  that  DAAFD  was  to  d  with  the  Heath  SRA, 

2.  July  i960  -  The  Director  of  Maintenance  at  Hq  AMC  (Oen,  Bell)  directed 
DAAFD  to  take  every  possible  step  toward  standardizing  teat  ecmlpmant  at  Heath. 
This  was  Interpreted  to  mean,  go  with  VATB! 

3.  Aug,  i960  -  The  commander  of  DAAFD  appointed  an  "ad  hoc"  committee  to 
assux*e  complete  coverage  during  the  Initial  stages  of  Implementing  the  Heath 
SRA,  until  the  Inertial  Guidance  Project  Office  could  hire  sufficient  personnel 
to  continue  this  management. 

4.  3  Oct.  60  -  An  RFP  was  released  to  two-hundred  (2OO)  prospective  VATE 
contractors. 

5.  17  Oct,  60  -  A  Bidders  Conference  was  managed  Jointly  by  DAAFD  Maintenance 
and  Procurement  to  provide  the  Industry  with  clarification  of  doubts  as  to  the 
Intent,  means,  and  extent  of  the  Work  Statement  for  VATE,  This  was  attended  by 
approximately  one  hundred  and  forty  (l40)  people  representing  ninety  (90)con- 
tractore.  All  questions  were  required  In  the  written  form,  signed  by  the  name 
of  the  Individual  and  firm  represented.  Some  of  the  questions  were  answered 
vert^ally  (as  time  allowed)  during  the  bidders  conference.  All  questions  were 
answered  In  wltlng  and  distributed  to  bidders  along  with  a  revision  to  the  RFP 
Work  Statement  which  was  an  outgrowth  of  the  conference, 

6.  14  Nov  60  Fifteen  (15  )  Preliminary  Proposals  were  received  from  Individual 
and  teams  of  bidders.  There  was  a  substantial  response  from  both  the  IQS  renowned 
type  bidders,  and  from  renowned  ATE  type  bidders. 

7.  Total  Technical  and  Procurement  Review  of  the  proposals  Is  nearing  completion, 

8.  20  Jan.  6l  Is  the  target  date  for  writing  contracts  with  all  IGS  contractors 
for  data  needed,  but  not  yet  obtained,  for  the  VaTB  Design. 
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9»  1  Feb  61  VATE  Phase  I  Study  contracts  ar«  scheduled  for  release  to  from 
two  to  four  prospective  VaTE  contractors  entering  the  final  competative  effort 
before  the  first  generation  VATE  hardware  contractor  is  selected, 

10,  4  Feb  6l  DAAFD  VATE  Engineering  teams  will  complete  preliminary  investi¬ 
gations  of  the  VATE  data  situation  at  each  of  the  IGS  contractors  plants, 

11,  Jtme  or  July  6l  Phase  I  proposals  will  be  due  at  DAAFD  for  the  final  evaluation. 

12,  Sept,  or  Oct,  61  Award  of  VaTE  hardware  contract  to  the  winner  of  the  Phase 
I  study  contract  effort.  Notes  Outside  technical  assistance  will  have  been 
obtained  to  assure  a  well  balanced  and  thorou|^  evaluation  of  the  Phase  I  studies. 

13,  Twelve  (l2)  to  Twenty-Four  (24)  months  later:  VATB  Hardware  should  bo  avail¬ 
able.  The  large  variance  is  accountable  the  degree  of  conservatism  employed  by 
the  selected  Bidder, 

Tou  have  been  told  generally  the  What,  Why,  How  Involved,  How  and  When  of  VATB, 

Are  there  questlonsT  If  so,  will  you  please  state  your  name  and  agency  repre¬ 
sented,  so  that  a  complete  summary  of  all  questions  and  answers  may  be  mailed 
to  you.  Thank  Tou 
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''AN/GJQ-9'' 


THE  CCMION  FACTOR  OF  AUTOMATIC  CHECKOUT 


WRIGHT  AIR  DEVELOPMENT  DIVISION 
GROUND  SUPPORT  EQUIPMENT  ENGINEERING  DIVISION 


PRESENTED  BY;  William  K.  Barton,  WWDNCC 
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THE  COMMON  im  OF  AUTOMATIC  CHECKOUT  BQUIPMEMT 

The  common  factor  of  automatic  testing  is  the  programmer-comparator.  It  consists  of 
the  best  and  essential  characteristics  of  manual  testing  and  the  digital  cosiputer  packaged 
in  accordance  vdth  the  best  in  the  state-of-the-electronics  science. 

Did  you  ever  consider  the  test  problem  in  more  abstract  and  general  terms  than  the 
usual  'nulhy  doesn't  this  thing  work?" 

Consider  the  block  diagram  of  Figure  I.  The  blocks  inside  the  big  circle  are  the 
essential  functions  common  to  any  testing  problem. 

The  stimulus  block  connected  by  the  dotted  line  is  a  variable  function  and  may  or 
may  not  be  required  depending  on  the  complexity  of  the  test  and  the  complexity  of  the 
system  under  test. 

The  system  block  can  represent  a  simple  battery,  a  complex  communications  set,  or 
a  super-complex  weapon  system.  In  any  of  these  cases,  the  functions  in  the  big  circle 
remain  the  same  and  only  the  magnitude  of  the  various  functions  varies. 

Consider  now  a  comparison  of  the  Digital  Computer  and  the  Programmer  Comparator  as 
exemplified  by  the  AN/GJQ-9  (or  DEE  or  SCATS,  etc;  they  are  all  essentially  the  same.) 

We  see  that  both  incorporate  programming,  switching,  comparison,  and  decision  capabili¬ 
ties  .  Each  possesses  flexibility  and  memory;  however,  it  is  noted  that  the  PC  has  less 
extensive  capabilities  in  these  areas.  The  DC  has  no  measurement  capability.  This  is 
the  chief  difference  between  the  two.  On  the  basis  of  this,  they  appear  to  be  almost 
identical  but  they  are  not. 

Consider  one  other  aspect  of  each;  that  is,  the  nature  of  the  problem  each  is 
intended  to  solve.  Here  the  difference  begins  to  be  more  apparent.  It  is  seen  that 
the  DC  is  a  tool  for  use  in  the  solution  of  mathematical  problems  whereas  the  PC  is  a 
tool  for  the  solution  of  a  physical  problem. 
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The  fact  that  the  particular  test  problem  can  be  stated  In  terms  of  mathematical 
equations  Is  what  makes  It  possible  for  the  DC  to  be  adapted  for  use  In  the  solution  of 
the  phjrslcal  problem.  The  PC  on  the  other  hand  Is  not  so  readily  adapted  to  solution 
of  mathematical  problems  of  the  type  which  the  DC  solves  so  easily.  Rather,  it  Is  a 
specialized  version  of  a  DC  with  the  necessary  additional  equipment  which  pemlts  It 
to  solve  the  test  problem. 

Let  us  take  a  look  at  the  family  tree  of  the  modem  day  PC  and  see  vdiat  character¬ 
istics  of  Its  ancestors  It  has  and  why.  You  will  note  that  only  the  PC  Is  considered 
because  It  Incorporates  the  five  functions  coianon  to  the  general  testing  problem. 

Stimulus  equlpnent  which  Is  a  variable  Item  Is  not  considered  at  this  time. 

We  have  taken  from  the  technician,  manual  test  equipment,  and  the  digital  computer, 
the  best  characteristics  of  each  to  obtain  a  superior  test  device. . 

Man  Is  the  best  general  purpose  testing  device  yet  produced  because  he 
Incorporates  flexibility,  extensive  memory,  and  has  thinking  capability.  Where  the 
tests  to  be  conducted  are  diverse,  sporadic,  and  do  not  necessarily  require  speed  and 
exact  repeatability,  the  man  can  not  be  surpassed.  However,  man  Is  slow,  can  be  most 
Inaccurate  and  is  quite  error-prone. 

On  the  credit  side  of  his  ledger,  the  man,  due  to  his  thinking  ability,  possesses 
excellent  programming  and  decision  making  capability.  It  is  to  be  noted  that  he  also 
possesses  two  other  essentlal-to-the-test-problem  capabilities  -  switching  and  comparison. 

Manual  test  equipment  possesses  one  essential  capability.  That  Is  measurement. 

It  also  has  extreme  flexibility  due  to  the  fact  It  can  be  so  readily  switched.  These 
same  two  characteristics  also  appear  on  the  debit  side  of  the  ledger,  however.  The 
flexibility  and  ease  of  switching  of  manual  equipment,  together  with  the  error  prone¬ 
ness  of  man,  readily  permits  errors. 
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The  digital  computer  possesses  several  of  the  essential  characteristics, 
programming,  switching,  comparison,  and  decision,  but  in  considerably  lesser  degree 
than  these  same  characteristics  possessed  by  man.  Also,  the  DC  has  the  ^vantage  of 
speed  and  accuracy  of  a  much  greater  degree  than  that  possessed  by  man.  It  has  been 
demonstrated  that  the  DC  is  more  reliable  than  man  in  the  long,  drawn-out,  day-to-day 
performance  of  a  routine,  boresbme  task. 

Under  each  of  these  ancestors  of  the  PC  is  to  be  seen  the  characteristic  ef 
flexibility.  Although  it  is  not  an  essential  characteristic  to  the  testing  problem, 
one  would  nevertheless  think  it  is  a  desirable  feature  and  in  proper  context,  it  is. 

It  is  also  seen  that  this  same  characteristic  can  be  an  undesirable  feature.  As 
stated  in  the  case  of  the  technician  and  manual  equipment,  flexibility  tends  to 
foster  inaccuracy  and  consequent  loss  of  time  due  to  the  error  proneness  of  man. 
Likewise,  in  the  case  of  the  DC,  its  flexibility  tends  to  generate  unnecessary  work 
and  Introduces  undesirable  possibility  for  Introduction  of  errors  into  the  test 
problem. 

The  programmer-comparator  is  a  combination  of  the  best  characteristics  of  the 
three.  In  addition  to  the  essential  characteristics  of  the  test  problem,  it  also 
has  speed  accuracy  and  dependability  plus  an  optimized  flexilibity. 

Despite  all  this  superior  capability,  the  equipment  which  results  is  still 
subservient  to  man  and  will  perform  no  better  Job  of  testing  than  man  will  permit. 

This  comes  about  because  the  machine  performs  no  action  that  man  has  not  directed  that 
it  accomplish  either  through  a  manual  control  panel  or  through  the  program  stored  in 
the  ptinched  tape  which  directs  the  efforts  of  the  machine. 

This  leads  to  the  question  "If  it  is  no  better  than  man,  why  have  it?"  The  answer 
is  that  man  at  his  best  is  far  superior  to  man  at  his  average.  Consequently,  In  pre¬ 
paring  a  program  for  use  by  this  machine,  we  must  Insure  that  the  best  possible  effort 
is  put  forth  by  the  best  qualified  people.  In  this  way,  the  machine  can  do  a  Job  of 
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testing  equal  to  the  best  technician  each  and  every  time  it  conducts  a  test. 

The  flexlMlity  afforded  by  the  PC  is  limited  to  exercise  within  the  bounds 
of  the  problem  it  is  designed  to  solve,  i.e.,  the  testing  of  Air  Force  equipment 
with  characteristics  expressible  in  electrical  terms. 

AN/GJQ-9  CHARACTERISTICS 

1.  Self  Checking  Characteristics 

A.  Verification  of  Tape  Decoding 

B.  Verification  of  Each  Logic  Switching  Action 

C.  Self  Fault  Isolation 

2.  Measurement  Capability 

A.  D.  C.  Volt  0  -  1000 

B.  A.  C,  Volt  0  -  350  rms  (500vpeak) 

C.  Volt  Ratio  0.1  -  500  (Reference  Range) 

0.  Resistance  0-1  megohm 

E.  Frequency  -  0.1  cps  -  1.0  MC. 

F.  Time  -  0  -  100  seconds 

3.  Test  Point  Selection 

A.  Basic  -  200  channels 

B.  Optional  -  201  -  2000  channels 

C.  All  channels  either  ON-OFF  or  Analog. 

4.  Stimuli  Control 

A.  Basic  -  100  channels 

B,  Optional  -  101  -  300  channels 

5.  Power  Requirements  -  either 

115  volts,  60  cps,  single  phase 
115  volts,  400  cps,  three  phase 
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6.  Application 

A.  Depot 

B.  Shop 

C.  Flight  line 

DIGITAL  COMPUTER  VERSUS  PROGRAMMER  COMPARATOR 


CharacteristiCB 

DC 

PC 

Programming 

Yes 

Yes 

Switching 

Yee 

Yes 

Measurement 

No 

Yes 

Comparison 

Yes 

Yes 

Decision 

Yes 

Yes 

Flexibility 

Yes 

Limited 

Memory 

Extensive 

Limited 

Normal  Use 

Nath.  Prob. 

Phys,  Prob 
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AN/GJQ-9  STATUS  REPORT 


Development  -  Autonetlcs  Division  of  North  American  Avlatloni  Incorporated. 
Production  - 


Specification  -  MIL-P-26664,  16  February  1959. 

Contract  -  Bendix  Support  Equipment,  AF33(600)-41492,  10  Hay  I960. 

Preproduction  Testing  - 

High  Temperature  -  Complete 
Low  Temperature  -  Complete 
Altitude  -  Complete 
Sand  &  Oust  -  10  Jan  1961 
Life  &  Reliability  -  29  Jan  1961. 

Serial  No.  1  -  Shipped  3  Jan  1961 

Serial  No.  2  -  In  test  -  to  bo  shipped  before  February  1961 
Serial  No.  3  “  In  assembly 

Schedule  -  2  months  behind 


Future  Plana  - 

4  digit  readout 
AC  accuracy 

Product  Improvement  Program 
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THE  TEST  PROBLSl 


STIMULUS 


*  PROGRAMMING 

*  SWITCHING 

*  MEASUREMENT 

*  COMPARISON 

*  DECISION 
SPEED 
ACCURACY 
FLEXIBILITY 
DEPENDABILITY 


*  PROGRAMMING 

*  DECISION 

*  COMPARISON 

*  SWITCHING 


*  MEASUREMENT 

♦  SWITCHING 
FLEXIBILITY 


*  PROGRAMMING 

*  SWITCHING 

*  COMPARISON 

*  DECISION 
ACCURACY 
SPEED 

FLEXIBILITY 

DEPENDABILITY 


LIABILITIES 


SLOW  FLEXIBILITY  FLEXIBILITY 

EMROR  PRONE 
INACCURATE 


39A0 


AUTGHATIC  TEST  EQUIPMENT  OBJECTIVES 


John  W.  Riggs,  Colonel,  USAF 
Chief,  Ground  Support  Equipment  I/M  Division 
Dayton  Air  Force  Depot 
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nmtopnBTiait 

During  th«  morning  seailon,  you  have  heard  Interesting  presentations  about 

Management  Benefits  of  Automatic  Test  Equipment 

Utlllcation  of  Automatic  Test  Equipment  for  Inertial  Guidance 
Repair 

Status  Report  on  the  AN/GJQ-9 

In  the  remaining  few  minutes  before  ve  close  for  the  day,  1  would  like  to  tell  you  more 
about  our  Automatic  Test  Equipment  Evaluation  Program  here  at  Dayton,  and  explain  our 
program  objectives. 

TEP; 

In  July  1958,  Hq  Air  Materiel  Command  directed  us  to  "establish  and  control  a 
program  to  ascertain  the  extent  Air  Materiel  Areas  and  AF  Depots  may  use  automatic  elec¬ 
tronic  teat  equipment  In  promotion  of  efficient  and  economical  maintenance  of  weapon  system 
equipment".  To  do  the  Job  directed  by  our  Headquarters,  ve  established  eight  objectives. 
Later  presentations  will  describe  specific  actions  we  are  taking  to  achieve  these  objectives. 
1  would  like  to  acqdant  you  with  our  program  and  speak  briefly  about  our  eight  objectives; 
what  they  are;  why  we  consider  them  as  objectives;  and  where  ve  are  going. 

(1)  PaiBlllarlsatlon 

(2)  Application 

(3)  Reliability 

(4)  Versatility 

(5)  Standardization 

(6)  Training 

(7)  Integration  of  automatic  test  equipment  diagnosis  output  with  supply  EDFE 
procedures . 

(8)  Expansion  of  program  to  other  Air  Materiel  Command  organizations. 
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Oir  overall  progress  to  date  has  been  so  significant  that  we  have  promised  the 
StrateglCvAlr  Command  that  within  one  year  we  could  estimate  and  provide,  backup  data 
regarding  operational  use  of  automatic  teat  equipment  In  their  Command.  Within  the  next 
six  months  we  will  provide  them  with  sufficient  Information  to  permit  their  preliminary 
thinking  in  this  regard. 

WE  ARB  MAKING  PROGRESS 
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Address  by: 


Mr.  David  M.  Goodman 
Director,  Project  SETE 


at 


GENTILE  AUT(»1ATIC  TEST  EQUIPMENT  CONFERENCE 


Dayton  Air  Force  Depot 
January  10-11,  1961 


SETE  119/15 


It  is  my  purpose  today  to  tali  to  you  about  electronic  test  equipment  as 
we  see  it  at  Project  SETE.  There  is  no  official  status  or  official  backing  to 
what  I  have  to  say;  the  views  expressed  represent  my  personal  opinion.  However, 
as  many  of  you  know,  Project  SETE  has  been  involved  in  this  subject  now  for  U-j 
years  and  we  have  developed  a  perspective  in  this  field  which  is  of  some  value. 

To  help  put  my  remarks  in  order  I  have  distributed  three  docirments  which 
I  hope  you  have  had  time  to  review.  The  first  document  is  a  copy  of  remarks  which 
I  made  here  at  the  Gentile  Air  Force  Station  in  February  1959  at  a  conference  which 
discussed  the  now  popular  subject  of  automatic  electronic  test  equipment.  Summar¬ 
izing  that  speech  I  commenced  by  explaining  the  background  of  Project  SE'TE  and  I 
explained  that  one  of  the  purposes  of  the  Project  was  to  obtain,  tabulate,  and 
redistribute  technical  information  pertaining  to  the  research  and  development  of 
electronic  test  equipment.  I  Indicated  the  areas  in  which  we  were  successful, 
namely  that  of  data  collection  and  distribution,  and  I  indicated  the  areas  in  which 
we  were  unsuccessful,  so  to  speak. 

I  also  discussed  the  then-proposed  Third  Test  Equipment  Symposium  which 
was  to  be  sponsojred  by  Hqs.  ARDC.  One  major  objective  of  that  synposium  was  to 
provide  a  meeting  place  where  forthright  evaluation  could  take  place  of  the  then- 
eadstlng  large  automatic  electronic  test  equipment  programs.  Another  major 
objective  eoqpressed  at  that  time  was  that  of  focussing  attention  on  both  the  tech¬ 
nical  and  the  management  aspects  of  providing  electronic  support  equipment.  Despite 
our  efforts  it  was  not  possible  for  us  to  arrange  an  evaluation  type  meeting.  It 
-ds  possible  however  to  achieve  the  second  objective.  The  results  are  significant, 
and  appear  reprinted  in  my  Conclusions  and  Recommendations  to  the  Third  Test 
Equipment  Symposium,  which  is  the  second  document  which  I  have  distributed  to  you. 
With  a  finite  number  of  exceptions,  most  of  -vdilch  have  been  discussed  here  at  this 


conference^  the  remarks  contained  in  my  address  and  the  conclusions  and  recommenda¬ 
tions  apply  ■with  equal  force  and  vigor  today. 

Having  thus  achieved  the  second  objective  of  focussing  attention  on  the 
technical  and  management  aspects  of  electronic  test  equipment  we  decided  at 
Project  SETE  that  perhaps  we  could  obtain  the  evaluation  in  which  we  were  so  much 
Interested  by  some  other  means.  We  set  out  to  do  this  via  our  Design  Course  on 
Automatic  Electronic  Test  Eq\ripment.  I  think  we  were  very  successful  and  for  that 
reason  I  have  reprinted  and  distributed  the  Opening  Remarks  ■vdilch  I  made  at  the 
Design  Course.  I  will  dwell  on  this  topic  for  a  moment.  The  program  ran  for  five 
days.  The  morning  sessions  ran  for  2-2|-  hours  and  the  afternoon  sessions  ran  for 
S-S?  hours.  Three  volumes  of  lecture  notes  were  prepared  and  distributed^  two  of 
which  were  available  before  the  Design  Ccnnrse.  The  material  that  was  discussed  was 
presented  in  sufficient  depth  so  that  a  complete  understanding  of  the  various  test 
systems  was  made  possible.  The  purpose  of  the  Design  Course  was  in  line  with  the 
objectives  of  Project  SETE,  namely,  that  of  distributing  and  disseminating,  on  a 
timely  basis,  significant  technical  data  relating  to  research  and  development  of 
automatic  electronic  test  eq^Ilpment, 

It  is  hard  to  tell,  at  this  moment.  Just  what  the  effect  of  that  disclosure 
will  be,  but  of  one  thing  we  can  be  certain  -  it  will  do  no  harm.  What  we  achieved 
was  a  "breakout”,  a  separate  description,  of  test  programs  which  were  deve^-oped  for 
large  and  conplex  equipments  inider  systems  concept  and  which  otherwise  might  not 
have  been  reported.  In  addition,  and  even  more  significant,  a  form  of  evaluation 
took  place  in  that  I  selected  each  and  every  one  of  the  test  systems  that  was 
presented.  You  all  know  the  difficulty  with  which  such  an  evaluation  can  be  made. 
The  difficulty  resides  in  lack  of  measured  performance  data,  shortage  of  documenta¬ 
tion,  an  excess  of  sales  promotion,  a  natural  lack  of  objectivity  on  the  part  of 
the  engineers  describing  the  fruits  of  their  labor,  etc.  Despite  these  problems 
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we  know  at  this  tine,  that  through  :a  fortuitous  chain  of  events,  we  overcame  these 
difficulties.  It  was  for  this  reason  that  I  chose  to  open  the  Friday  morning  session 
of  the  Design  Course  with  a  repetition  of  my  opening  remarks.  It  was  more  accept¬ 
able  to  the  audience  at  the  end  of  the  program  than  it  was  at  the  beginning. 

Further,  there  is  a  strong  possibility  that  the  coxirse  will  be  repeated.. 

In  addition  to  promoting,  large  scale  information  exchange  programs  of  the 
preceding  types,  we  have  been  conscientiously  directing  our  efforts  towards  making,-. 
Project  SETS  a  central  clearing  house  of  technical  information  in  this  area  of 
Electronic  test,  checkout,  and  support  equipment.  We  are  in  the  position,  presently, 
of  having  cooplete  and  up-to-date  docimientatlon  on  all  commercially  available 
electronic  test  equipment.  From  time  to  time  we  focus  our  attention  in  specific 
areas  of  this  vast  field  to  generate  reports.  . Some  of  the  reports  are  made  upon 
request.  Others  are  project  generated.  Some  of  the  recent  studies  are  in  the  field 
of  digital  voltmeters,  sensors,  synchro- servo-gyro  testers,  continuous  line  recorders, 
frequency  synthesisers,  noise  generators,  etc.  We  screen  the  ASTIA  Title  Announcement 
Bulletins  and  have  obtained  copies  of  every  significant  report  that  is  available  to 
us.  We  have  a  conqilete  file  on  Air  Force  Technical  Orders  in  the  33  category,  -vdilch 
covers  electronic  test  equipment.  Some  of  you  would  be  amazed  to  know  how  much 
information  is  thus  made  available.  We  also  have  many  Army  Traiijjig  Manuals,  Navshlps 
documents,  BuOrd  descriptive  data  sheets.  We  have  a  substantial  number  of  interim 
progress  reports,  development  status  reports,  and  technical  evaluation  reports.  This 
is  a  voluaiinoiis  amount  of  material.  The  ateiff  of  Project  SETE,  which  comprises  myself, 
five  engineers  and  three  secretaries,  spends  a  good  portion  of  their  time  in  reviewing 
these  docunentB,  and  in  arranging  them  so  that  the  material  contained  therein  can  .be 
retrieved  accurately  and  efficiently.  We  have  worked  out  em  interesting  system  of 
coding  our  documents  which  has  not  yet  failed  to  provide  us  with  the  information  \dilch 
we  need  to  find.  Of  course,  this  systeant  is  constantly  undergoing  change  and  improve¬ 
ment;  and  this  constitutes  another  major  part  of  otir  workload. 


In  reviewing  and  sorting  all  this  Information  there  was  one  need  which  became 
apparent  to  us;  namely,  a  dictionary  type  document  listing,  and  defining,  all  unclas¬ 
sified  electronic  test  equipments  which  have  been  received  nomenclature  assignments. 
The  simplicity  of  this  document,  SETE  210/38,  Is  exceeded  only  by  the  use  to  which 
It  has  been  put,  and  the  demand  Into  which  It  has  come.  At  the  moment  we  are 
working  on  a  companion  document  which  will  contain  a  listing  of  the  status  of 
preferred  Items  of  electronic  test  equipment.  If  all  goes  well  this  document  will 
be  available  In  June  of  this  year. 

Having  thus  described  some  of  the  things  we  have  done  In  the  past  and  some 
of  our  present  activities,  I  think  you  might  be  Interested  In  some  of  my 
observations  at  this  time. 

First  of  all,  I  believe  that  your  program  here  at  the  Depot,  which  Is 
directed  at  evaluating  some  of  the  automatic  test  systems.  Is  commendable.  To  my 
knowledge  this  Is  the  only  program  of  Its  type  under  way  In  this  country  today. 

The  Army  and  Navy,  as  well  as  the  Air  Force,  are  extremely  active  In  developing 
automatic  test  equipment  for  operational  systems.  But  I  repeat  that  the  Air 
Force  supports  the  only  activity  In  this  area  that  applies  to  Depot  type  support 
equipment,  and  has  been  doing  so  for  at  least  two  years.  The  Army  Signal 
Corps  has  just  started  to  embark  on  a  program  which  might  have  similar  objects 
In  mind. 

From  my  point  of  view,  It  should  be  unnecessary  to  sell  automatic  test 
equipment  to  this  group.  This  equipment  Is  not  scheduled  for  the  1970 's  or 
1980's,  It  Is  here  today.  The  operational  support  equipment  on  the  B-58  system 
comprises  many  tape  programmed  automatic  testing  devices.  It  Is  possible  today 


to  requisition  a  tape  just  as  one  would  requisition  a  technical  order.  It  seems 
clear  that  automatic  test  equipment  is  here,  and  that  more  of  it  is  coming, 
despite  some  of  its  disadvantages.  The  needs  that  will  arise  in  connection  with 
these  developments  should  be  anticipated.  The  program  here  at  the  Depot  should 
help  substantially  in  this  regard.  Furthermore,  I  believe  the  effort  at  the 
Depot  should  be  in  some  way  gaged  to  the  magnitude  of  the  effort  on  the  operational 
systems . 

A  singular  observation  is  that  the  complaint,  so  frequently  heard  five 
years  ago,  that  nobody  knows  what  is  going  on  in  test  equipment  and  that  nobody 
knows  where  to  go  to  find  out  what  is  going  on  in  this  field,  is  no  longer  valid. 
Although  there  are  many  gaps  in  our  information,  it  is  true  nevertheless,  that 
Project  SETE  is  a  place  where  an  exhaustive  amount  of  technical  information 
resides.  This  situation  is  substantially  different  from  what  existed  five  years 
ago.  But  now  what  do  we  find?  In  my  opinion  the  information  thus  accumulated  is 
not  being  used  effectively.  One  gets  the  Impression  that  the  previously  expressed 
complaints  of  not  knowing  what  is  going  on  or  what  is  available  was  more  of  an 
excuse  than  a  legitimate  criticism  being  expressed  in  the  hope  of  obtaining  relief. 

I  find  that  in  too  large  a  number  of  cases  when  contractor  personnel  visit  our 
project  it  is  with  the  primary  intention  of  finding  out  about  proposals,  new 
contracts,  new  programs,  etc.  As  I  see  it,  the  desire  of  the  contractors 
representatives  is  not  often  enough  in  the  direction  of  obtaining  technical  informa¬ 
tion  in  order  to  Improve  his  project  or  his  performance. 

I  believe  that  this  situation  would  be  remedied,  and  for  that  reason  I  will 
conclude  my  remarks  with  two  recommendations:  First,  I  think  each  of  you  here  today. 
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and  those  of  your  colleagues  with  whom  you  have  influence,  should  arrange  to  visit 
with  us,  or  at  least  to  communicate  with  us,  before  you  start  a  new  research  and 
development  program  in  the  field  of  electronic  test,  checkout,  and  support  equipment. 
You  would  also  do  well  to  follow  this  sl]i?)le  procedure  with  a  new  product  lngjrove- 
ment  program.  You  have  nothing  to  lose  and  everything  to  gain  by  considering  this 
contact  as  the  first  step  in  such  undertakings.  Our  purpose  in  inviting  you  to  make 
use  of  the  information  we  have  is  very  sirgjle.  We  may  be  able  to  provide  informs* 
tion  to  you  which  otherwise  you  might  come  upon  only  by  accident.  It  is  to  assist 
you  in  forming  the  best  Judgement  of  which  you  are  capable  in  this  area,. 

It  is  not  our  intention  to  belittle  a  program,  or  to  tag  it  as  being  an 
vindeslrable  dvipllcatlon  of  effort.  It  is  not  our  Intention  to  thwart  your  progress, 

I  can  state  one  experience  vdilch,  though  small,  is  indicative  of  the  support  which 
our  project  ceui  supply  to  you.  A  recent  visitor  decided  to  check  with  us  before 
he  embeo’ked  on  a  program  in  automatic  test  equipment,  Althoiigh  he  had  long  and 
continvied  ejqperlence  in  this  field,  he  nevertheless  thoiight  he  would  investigate 
what  we  had  before  he  started  his  program.  To  his  satisfaction,  he  found  that  90^ 
of  the  programs  he  knew  about  we  know  about,  and  that  90/^  ot  the  progreuiis  which  we 
knew  about  he  knew  about .  The  10^  which  he  supplied  to  us  was  very  useful  and 
appreciated,  euid  the  lOji  of  information  >dilch  we  supplied  to  him  was  equally  well 
received.  It  was  his  observation,  and  a  correct  one,  that  even  if  we  had  supplied 
him  with  nothii^g  new,  the  visit  would  have  been  worthwhile  in  that  he  would  have 
felt  more  secure  in  the  knowledge  that  the  program  in  which  he  was  getting  involved 
was  proper. 

Ify  second  recconendatlon  is  that  after  you  have  started  a  program,  and 
regardless  of  whether  you  have  contacted  us  in  its  preparation  or  not,  that  you 
advise  your  contractor  who  has  been  awarded  the  program  to  visit  with  us  at  an 
early  date  so  that  his  engineering  personnel  may  obtain  inf ormatlon  w  hlch  might 

otherwise  be  a  long  time  in  coming  to  him,  if  it  came  at  all.  Thank  you. 

END 
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The  subject  of  my  talk  la  "Evaluation  of  ATE".  As  you  already  know,  the  Automatic 
Test  Equipment  Program  was  Initiated  In  July  1958  by  Hq  USAP,  through  Hq  AMC.  The 
responsibility  of  establishing  and  monitoring  the  engineering  portion  of  this  program  was 
assigned  to  the  Service  Engineering  Division  of  the  Directorate  of  Materiel  Management 
at  DAAPD.  As  you  have  been  told  earlier,  the  following  objectives  were  established: 

a.  To  Investigate  the  feasibility  of  utilizing  ATE  for  depot-level  testing 
of  prime  electronic  equipment,  and  to  determine  the  extent  to  which  such  application  Is 
economically  practicable  within  the  AMC  logistics  system. 

b.  To  Integrate  an  ATE  test  and  check-out  capability  with  advanced  Electronic 
Data  Processing  Equipment  (EDPE)  concepts  to  reduce  maintenance  to  only  those  manual 
operations  directed  by  ATE  and  by  the  EDPE  Program. 

c.  To  determine  the  requirements  for  universal,  versatile,  and  flexible  ATE 
Incorporating  build Ing-block  design  concepts  and  plug-ln  module  techniques. 

d^  To  advance  the  state-of-the-art  of  ATE  hardware  with  the  ultimate  goal  of 
obtaining  equipment  for  utilization  on  en  Air  Force-wide  basis  to  test  and  check  out  elec¬ 
tronic,  electro-mechanical,  hydraulic,  pneumatic,  and  mechanical  systems. 

My  talk  will  concern  Itself  with  the  following  phases  of  this  program:  DAAI'P 
accomplishments  to  date;  the  current  DAAFD  program  and  objectives;  an  evaluation  of  the 
importance  and  necessity  of  ATE  to  the  Air  Force  today;  and  a  dissertation  on  some  of  our 
future  objectives.  This  latter  subject  —  our  future  objectives  —  Is  an  infringement 
upon  the  subject  to  be  covered  by  Colonel  Riggs  In  his  closing  summation  this  afternoon. 

I  feel,  however,  that  I  can  be  exonerated  of  guilt  in  this  case  because  of  the  fact  that 
our  engineering  Investigations  and  evaluations  on  this  program  have  brought  to  light  the 
dire  need  and  importance  of  emphasis  in  this  area  of  ATE  development. 


Our  initial  engineering  efforts  were  devoted  to  an  investigation  of  the  extent  to 
which  we  could  accomplish  malfunction  isolation,  considering  the  limitations  of  test 
point  accessibility  in  the  prime  equipment.  We  soon  discovered  that  the  Inaccessibility 
of  test  points  prevented  us  from  determining  the  condition  of  many  components.  Much 
time  and  considerable  effort  was  expended  in  the  design  and  fabrication  of  adapters  to 
partially  overcome  this  difficulty.  In  the  case  of  the  AN/ARC-27  Airborne  Radio 
Communications  Equipment,  we  concentrated  considerable  engineering  effort  on  the  design  of 
test  fixtures,  cables,  and  adapters  which  we  used  to  test  subassemblies,  such  as  the 
guard  receiver,  spectrum  amplifier,  and  the  IF  and  audio  amplifier.  We  gained  valuable 
experience  in  this  phase  of  the  program. 

Another  area  in  which  we  have  gained  considerable  knowledge  and  experience  is  that 
of  programming.  This  la  the  process  of  writing  detailed  test  instructions  from  the 
technical  order  (TO)  covering  the  equipment  to  be  tested,  and  then  translating  them  into 
coded  Instructions  on  punched  tape  for  the  ATE.  Many  refinements  and  changes  were  made 
in  the  sequence  of  tests,  tolerances  or  limits  on  measurements,  and  the  number  and  extent 
of  required  tests.  Programming  is  a  skill  which  requires  experience  before  proficiency 
can  be  gained. 

Now  let's  summarize  the  accomplishments  of  DAAFD  to  date.  At  the  outsat  of  the  ATE 
Program,  it  was  decided  to  conduct  evaluation  studies  on  specific  equipments,  namely 
the  Nortronlcs'  "DATICO",  the  Lavoie  "Robotester" ,  the  California  Techr..ics.l  Industries 
"Supertester",  and  the  Hickok  "Cardaraatlc"  Tube  Checker.  After  discussion  and  investiga¬ 
tion,  it  was  agreed  that  we  would  program  all  dynamic  tests  on  the  DATICO,  and  utilize 
either  the  Robotester  or  the  Supertester  for  static  tests.  This  decision  was  based,  on 
the  philosophy  of  taking  full  advantage  of  the  limited  capability,  greater  speed,  and 
much  lower  cost  of  the  Robotester  or  Supertester  and  utilizing  the  coiiq)aratively  expensive 
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DATICO  for  tests  beyond  the  capability  of  the  Robotester  or  Supertester.  It  was  necessary 
to  make  a  choice  between  the  two,  so  we  performed  comparative  tests  and  chose  the  Robo¬ 
tester  because  of  its  better  stability  and  capability  of  giving  more  consistent  test 
results.  These  engineering  evaluation  studies  have  been  completed  and  it  has  been 
conclusively  proven  that  the  utilization  of  ATE  for  depot-level  testing  is  not  only 
feasible  and  practical,  but  is  economically  advantageous. 

Practical  application  of  ATE  has  been  successfuIJy  demonstrated  on  two  separate 
occasions  at  Oavis-Monthan  AFB  in  Tucson,  Arizona.  The  first  time  DATICO  was  employed 
from  13  February  to  1?  March  I960  to  segregate  serviceable  AN/ARC-27  Airborne  Radio 
Communications  equipment  from  sets  of  unknown  operating  condition  which  had  been  removed 
from  salvage  aircraft.  During  this  application  the  program  tape  for  DATICO  was  refined 
in  order  to  obtain  the  desired  segregation  in  the  shortest  possible  time.  Tests  having 
the  highest  failure  rate  or  frequency  of  occurrence  were  programmed  first  in  the  test 
sequence.  Out  of  610  units  tested,  309  units, were  determined  to  be  serviceable,  and 
were  returned  to  the  Air  Force  inventory.  This  total  was  38. 1$  of  the  810  RT-178/ARC-27’s 
tested,  and  represented  a  savings  of  90^  in  man-hours  and  equipment  when  compared  to  the 
present  manual  test  methods.  During  this  application  of  ATE,  the  DATICO  alone  exhibited 
a  raean-tlme-to-failure  of  22.9  hours.  At  this  point,  I  feel  that  an  explanation  should 
be  given  of  how  we  arrived  at  the  value  of  mean-time-to-f allure  (commonly  referred  to  as 
MTBF).  This  figure  was  calciilated  by  dividing  the  total  number  of  operating  hours  by  the 
total  number  of  failures  which  occurred.  The  Service  Unit,  used  in  conjunction  with  the 
DATICO,  proved  to  have  an  MTBF  of  lA.l  hours,  and  the  MTBF  of  the  combined  system  was 
8.75  hours.  Here  I  have  just  used  another  term,  "Service  Unit",  which  I  will  define.  By 
"Service  Unit"  I  mean  the  unit  which  includes  the  stimuli  generator,  D-C  power  supplies, 
nd  the  R-F  power  converter.  The  second  application  covered  the  period  between  18  July 
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and  30  September  I960.  Again,  the  purpose  was  the  same-to  segregate  serviceable 
equipment  from  sets  of  unknown  quality.  In  this  project,  a  total  of  1173  RT-279/APX-6A 
and  -25  Airborne  Radar  Identification  units  were  tested.  Of  this  number,  a  total  of  396 
units  were  found  to  be  in  serviceable  condition.  This  represented  33>St  of  the  total 
quantity  checked,  and  again  a  savings  of  90^  in  man-hours  and  equipment  was  realized 
through  the  use  of  ATE.  In  cooqparlson,  the  results  of  the  second  project  show  a  marked 
i^provement  in  mean-tlme-to-fallure  of  the  ATE  equipment  over  the  first  such  application. 

The  MTBF  of  the  DATICO  alone  was  51  hours,  representing  an  increase  of  123^  over  the 
first  project.  The  Service  Unit  displayed  an  MTBF  of  57.5  hours,  *rtiich  was  308j6  better 
than  the  previous  trial,  and  the  combined  ATE  system  exhibited  an  MTBF  of  27.06  hours, 
which  was  209$  over  the  first  application. 

This  con^arison  is  definite  proof  of  the  forward  progress  which  has  been  made  in 
kTE  technology.  The  ARC-27  Service  Unit  was  very  inferior  to  the  APX  Service  Unit.  The 
AFX  Service  Urilt  yielded  an  increase  of  over  300$  in  mean-time-to-failure  compared  to  the 
ARC-27  Service  Unit.  The  OATICO's  used  for  both  operations  were  basically  of  the  same 
design. 

You  are  undobtedly  wondering  about  the  cost  of  the  ATE  equipment  used  during  the 
Tucson  operations  which  I  have  just  summarized.  Actually,the  equipment  has  more  than 
paid  for  itself  on  these  two  programs  alone.  This  fact  can  be  confirmed  and  verified  by 
actual  figures  covering  the  initial  cost  of  the  ATE  system,  the  cost  of  operation,  and  the 
savings  realized  from  the  recovery  of  serviceable  equipment,  with  consideration  being 
given  to  the  cost  of  similar  tests  if  they  had  been  performed  manually. 

The  same  ATE  equipment  is  presently  being  utilized  in  a  pilot-shop  operation  at 
DAAFD.  This  phase  of  the  current  program  was  recently  launched  to  determine  the  feasibility 
of  using  ATE  on  a  production  basis  for  test  and  checkout  of  AN/ARC-27  equipment.  Approaclamtely 
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1000  R-T  units  which  were  removed  from  salvage  aircraft  will  be  checked,  using  methods 
similar  to  those  used  at  Davis-Monthan  AFB. 

We  are  also  conducting  three  study  programs  on  a  contract  basis-one  by  ARINC 
Research  Corporation,  one^by  Stromberg-Carlson,  and  a  third  by  Nortronics. 

The  abjective  of  the  study  being  performed  under  contract  by  ARINC  is  to 
determine  the  effect  on  field  reliability  resulting  from  the  utilization  of  ATE,  in 
conqparlson  to  that  achieved  with  the  present  manual  shop  methods.  This  study  is  being 
conducted  at  Lockboume  AFB,  Colvimbus,  Ohio  under  actual  operating  conditions  in  tactical 
aircraft.  The  test  vehicle  being  used  is  the  ARC-27  equipment.  One  half  of  the  total 
quantity  of  equipments  Involved  in  this  project  will  be  tested  solely  with  ATE,  and  the 
other  half  will  be  tested  exclusively  by  manual  methods.  Early  results  already  indicate 
that  a  definite  improvement  in  field  reliability  can  be  e^qpected  as  a  result  of  the  use 
of  ATE.  Based  on  4^  of  the  test  data  which  will  be  obtained,  the  ATE  segment  has  displayed 
an  MTBF  of  approximately  60  hours,  whereas  the  manual  segment  has  given  an  MTBF  of 
approximately  40  hours.  We  hope  to  prove  conclusively  by  results  from  this  study  that  a 
very  definite  and  appreciable  improvement  in  reliability  can  be  obtained  at  lower  cost 
through  the  substitution  of  ATE  for  manual  testing  methods.  This  phase  of  our  program 
will  be  discussed  in  greater  detail  by  Mr.  Frank  Ruther  in  his  talk  on  ”Reliabllity  Study.** 

The  study  program  being  performed  on  contract  by  Stromberg-Carlson  will,  define  the 
requirements  for  signal  generators,  transducers,  switching,  etc.  which  will  be  necessary 
to  provide  the  ATE  testing  capability  which  we  are  striving  to  achieve.  This  study  will 
also  result  in  a  comparison  of  costs  and  manpower  requirements  for  both  manual  and  ATE 
methods,  and  make  recoonendatlons  of  the  type  of  ATE  which  is  best-suited  to  perform  depot- 
level  testing.  This  study  will  be  discussed  in  greater  detail  by  Mr.  Richard  Stimson  in 
is  talk  on  *'Fea8lbillty  Study.** 


The  studjr  b«lng  conduetad  togr  Hortronlea  undar  contract  is  ainad  at  datamlning 
tha  faasibllitj  of  utilising  cooputar  tachnlquaa  in  conjunction  with  ATE  and  will 
raconnand  posaibla  applications  in  iidtlch  coiq>utar  tachniquas  can  be  advantageously  utilised. 
I  will  expand  upon  this  phase  of  our  currant  program  later  on  tdien  I  discuss  tha  "Air  Force 
Depot  Equipment  Performance  Tester"  study  program  (referred  to  as  "ADEPT"). 

I  have  previously  mentioned  two  terms-namely,  "building-block"  and  "plug-in  module." 
For  the  benefit  of  those  who  are  not  familiar  with  this  terminology,  I  will  give  an 
explanation  of  tha  intended  meaning. 

Tha  first  term,  "building-block",  describes  an  engineering  design  concept  tdiich 
makes  it  possible  to  achieve  maxlfflum  tasting  capability  with  a  minimum  number  of  modules. 
Standardized  modules  of  ATE  equipment  would  be  utilized,  thereby  eliminating  unnecessary 
duplication  of  hardware.  Here,  in  iqy  reference  to  "modules",  I  am  talking  about  such  assem¬ 
blies  as  the  programswr,  timer,  eos^rator,  and  digital  voltmeter.  With  this  concept,  it 
would  be  possible  to  select  only  those  atandard  modules,  or  "building  blocks,"  which  would 
bo  required  to  accomplish  any  desired  tests,  and  make  it  unnecessary  to  tie  up  equipment 
not  requiired.  These  modules  would  then  be  assembled  as  "building-blocks"  and  inter¬ 
connected  for  use.  1  do  not  sman  to  imply  that  all  modules  can  be  standardized.  There  will 
very  definitely  be  requirements  for  families  of  stimulus  generators,  power  supplies,  pulse 
forming  and  shaping  networks,  modulation  circuits,  and  special  modules  for  peculiar  appli¬ 
cations.  The  number  of  modules  which  would  be  required  to  make  up  a  so-called  family  would 
be  determined  by  the  range  of  test  requirements  and  the  limitations  of  engineering  design 
capability.  As  tha  state-of-the-art  of  engineering  design  advanced,  the  size  of  a  family 
would  decrease.  The  complexity  of  the  ATE  hardware  would  be  determined  solely  by  the 
complexity  of  the  testing  requirement.  In  other  words,  we  would  be  able  to  build  up  the 
capability  of  the  ATE  equipment  only  to  the  degree  determined  by  the  complexity  of  the 
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tasting  requlramant .  In  contrast,  the  ATE  equipment  which  we  presently  have  in  our  Air 
Force  Inventory  makes  It  necessary  to  use  equipment  which  is  far  more  expensive  and 
sophisticated  than  that  which  is  necessary  to  accomplish  required  testing.  There  is  no 
ATE  equipment  in  the  Inventory  today  which  possesses  Intermediate  capability. 

The  second  term,  '’plug-in  module,"  is  used  to  describe  removable  subassemblies, 
such  as  stimulus  generators  and  power  supplies,  which  are  connected  into  the  circuitry  of 
the  ATE  equipment  by  means  of  plug-in  connectors,  rather  than  by  soldered  connections. 

By  this  moans  wo  would  be  able  to  extend  the  range  of  a  stimulus  generator,  or  change  the 
pulse  characterics,  by  the  simple  expedient  of  removing  one  module  and  replacing  it  with 
another  which  has  the  desired  capability.  This  technique  is  adready  used  on  some  relays 
and  transformers,  and  to  a  limited  degree  in  present  ATE  hardware. 

I  may  sotind  ropjotitious  in  ny  repeated  references  to  those  two  terma-"building 
blocks"  and  "plug-in  module",  -however  I  firmly  believe  that  their  importance  cannot  bo 
over-emphasized  in  relation  to  their  necessity  in  keeping  pace  with  the  Increasing 
complexity  of  electronic  systems  and  the  almost  insurmountable  workload  which  it  entails. 

We  are  presently  in  the  embryonic  stages  of  achieving  the  full  benefits  of  ATE 
utilization.  Automation  is  a  process  tdiich  cannot  be  accomplished  overnight  but  instead 
requires  a  gradual  changeover  resulting  from  engineering  studies  and  evaluation  programs. 

In  order  to  arrive  at  the  best  solution  to  the  problem,  it  will  be  necessary  to  express  the 
requii*ements  of  the  Air  Force  in  terms  of  test  parameters,  and  define  the  hardware  in  terms 
of  perfonnance  and  detail  specifications.  This  phase  of  the  program  will  be  covered  later 
on  in  the  program.  Getting  back  to  our  position  today,  many  people  are  perturbed  about  the 
equipment  breakdowns  and  other  obstacles  which  we  have  encountered.  They  expect  miracles 
from  ATE,  and  feel  that  we  should  have  completed  our  task  long  ago.  However,  they  would 
nly  nave  to  review  development  programs  in  other  areas,  such  as  radio  or  television. 
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to  realise  that  naxiy  failures  were  experienced  before  the  first  working  model  was  produced. 
Malfunctions,  breakdowns,  and  failures  are  to  be  expected  in  the  early  stages  of  develop¬ 
ment,  rather  than  cause  alarm  or  create  a  pessimistic  attitude  when  they  occur.  We  have 
encountered  many  such  disappointments,  however,  we  cannot  afford  to  look  upon  them  as 
insurmountable  roadblocks  in  our  path  toward  achieving  our  ultimate  objectives.  We  have 
analyzed  and  evaluated  several  possible  methods  of  reaching  the  goals  which  we  have 
established,  but  since  we  are  dedicated  to  doing  the  Job  conscientiously  and  economically, 
we  cannot  select  the  easiest  way  out.  To  do  so  would  require  the  needless  expenditure 
of  money  which  we  can  ill  afford.  The  solution  to  the  problem,  as  I  stated  previously, 
will  require  the  development  of  the  building-block  concept  and  plug-in  module  technique  in 
order  to  achieve  maximum  equipment  versatility  at  minimum  cost.  Actually,  this  philosophy 
of  approach  is  not  as  radical  as  it  may  sound,  since  approximately  seventy  to  eighty  percent 
of  the  circuitry  presently  used  in  ATE  is  common  to  most  testing  requirements.  The  major 
departure  from  present  day  production  practices  would  be  required  in  packaging  techniques. 

This  "building-block"  approach  has  many  advantages  over  our  present-day  state-of-the-art, 
from  both  technical  and  economic  standpoints.  The  development  costs  required  to  achieve 
standardization  of  modules  would  be  rapidly  recovered  through  the  savings  made  possible 
by  greatly  increased  flexibility  and  versatility,  and  by  the  elimination  of  a  large  percentage 
of  duplication  of  ATE  equipment. 

With  the  rapidly-increasing  conqplexity  of  electronic  systems  and  subsystems  (which  1 
cited  previously),  the  importance  of  developing  ATE  \diich  can  provide  the  Air  Force  with 
the  capability  of  carrying  out  its  assigned  maintenance  mission  is  becoming  more  and  more 
urgent.  The  value  of  ATE  is  emphasized  by  the  fact  that  it  can  perform  testing  functions 
more  consistently,  thoroughly,  rapidly,  and  accurately  than  can  be  performed  by  manual  methods. 

Our  future  program  and  long-range  objectives  will  be  covered  later  on  this  afternoon. 
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AUT(MAI1C  TEST  EQUIPMENT  PROGRESS  REPORT 


Frank  J.  Ruther 

Chief,  Service  Engineering  Division 
Dayton  Air  Force  Depot 
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ATE  PROGRESS  REPORT 


by 

PRANK  J.  RUTHER 

Approximately  two  years  ago  In.  Pebruaryj  the  DAAPD  held  an 
Automatic  Test  Equipment  (ATE)  Symposium.  At  that  time  we  had 
Just  started  Into  our  engineering  evaluation  of  the  pieces  of  equip¬ 
ment  that  were  available  at  the  time.  Since  then  we  have  expanded 
our  evaluation  to  bring  Into  play  programmable  tube  testing  equipment. 

At  that  time  we  answered  the  question  about  ATE  of  what,  why,  and 
how  much.  We  definitely  can  give  a  complete  answer  as  to  what  It  Is, 
we  can  give  most  of  the  answer  of  why,  and  we  are  coming  close  to 
being  able  to  answer  the  question,  how  much.  We  were  fairly 
accurate  In  saying  what  It  was  two  years  ago,  a'nd  I  Illustrated  that 
by  a  little  anecdote  concerning  a  piece  of  equipment  that  had  been 
designed  and  was  ready  to  be  tested.  The  test  procedures  were  all 
laid  out  when  the  contractor  called  In  an  ATE  company.  An,d  they 
asked  this  ATE  company  how  they  would  do  It.  The  reply  was,  "The 
same  way  only  automatically."  We  have  found  In  the  two  years  that 
this  statement  "the  same  way  only  automatically"  Is  all  but  too  true. 

Two  years  ago  we  listed  six  reasons  why  we  should  use  ATE  equla:- 
ment  and  we  explained  each  of  these  reasons.  The  six  reasons  were: 

1.  Less  skill  required. 

2.  Uniformity  of  testing. 

3.  The  testing  Is  done  faster, 

4.  Higher  quality  of  the  turned-out  repaired  product. 


5.  Better  logistic  control. 

6.  Saves  money. 

Two  years  ago  we  said,  1.  "Less  skill  required"  was  true, 
providing  the  tape  program  was  prepared  in  the  proper  manner.  This 
is  an  understatement  of  the  age.  The  tape  program  preparation  and 
stimuli  are  the  biggest  and  most  difficult  problems  facing  tho  Air 
Force.  Buying  tapes  from  contractors  appears  to  be  the  only  way  out 
but  our  methods  of  buying  such  tapes  have  not  been  worked  out  to  the 
point  where  we  can  turn  loose  a  contractor  and  get  what  we  need  in 
the  Air  Force.  2.  "Uniform  testing."  This  is  definitely  true,  and 
even  more  true  today  than  it  was  two  years  ago.  Since  the  functions 
of  the  machine  are  determined  by  the  holes  punched  on  program  tape 
or  imprinted  electrically  on  a  magnetic  tape  it  is  impossible  to 
automatically  skip-test  or  to  perform  them  in  a  haphazard  manner.  We 
have  found  that  the  tapes  can  be  changed  by  operators  and  occasionally 
this  has  happened  in  our  own  shop  operation.  It  is  best  that  a 
program  tape  reproducer  be  in  the  shop  but  not  a  punch  that  can 
control  individual  holes,  5.  "Faster."  The  actual  machine  speed 
is  quite  rapid  in  most  available  ATE*s  and  we  demonstrated  this 
yesterday.  However,  it  should  be  remembered  that  connecting  adapters 
stimuli  and  inserting  test  plugs  has  to  be  done  before  the  test  can 
be  performed.  Therefore,  this  should  be  considered  as  part  of  the 
test  time.  Something  in  the  order  of  4o  percent  of  the  time  utilized 
with  ATE  is  spent  in  making  these  necessary  connections.  4.  "Higher 
quality,"  As  Mr,  Huldeman  has  told  you  and  as  you  have  heard  from  my 
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discussion  of  reliability  this  Is  true.  And  this  seems  to  be  the 
biggest  reason  for  using  ATE.  We  can  Include  more  tests,  the  tests 
are  performed  uniformly.  In  the  same  sequence,  the  equipment  that 
Is  repaired,  using  total  automatic  testing  as  far  as  practical  here 
at  DAAPD,  are  staying  In  the  air  50  percent  longer  without  failure 
than  those  that  were  repaired  using  the  normal  means  prior  to  ATE. 

5.  "Logistic  control"  can  be  greatly  facilitated  by  using  Informa¬ 
tion  printed  on,  or  punched  by  the  ATE  read-out.  We  here  at  Gentile 
have  definite  Indications  that  the  present  failure  reporting  system 
Is  only  about  I8  percent  effective.  6,  "Saves  money."  Until  the 
design  of  equipment  In  the  basic  R  &  D  phase  considers  test  point 
accessibility  the  Inaccessibility  of  test  points  will  have  a  bad 
effect  on  cost.  Whether  or  not  money  can  be  saved  in  the  actual  : 
repair  operation  depends  to  a  large  extent  on  what  value  we  can  place 
on  the  higher  quality.  "This  Is  a  gray  area  where  It  appears  we  will 
have  difficulty  obtaining  substantiating  evidence  In  a  short  period 
of  time."  Two  years  ago  we  said  this,  today  our  program  of  measuring 
the  quality  or  the  reliability  of  Items  tested  by  automatic  testing 
means.  Is  giving  us  sufficient  knowledge  to  actually  know  where  we 
are  going  from  here. 

OVERALL  GOALS 

The  overall  goal  of  the  engineering  evaluation  Is  to  acquire  the 
know-how  In  sufficient  detail  to  automate  that  portion  of  the  Air 
Force  testing  Job  that  should  be  automated. 

In  order  to  accomplish  this  goal  plans  and  time-phased  steps 
are  necessary.  The  Inter-relatlonshlp  of  time,  money,  manpower. 
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and  the  state-of-the-art  forces  a, certain  amount  of  realism  In 
these  plans.  Two  years  ago  when  I  spoke  to  this  group  I  purposely 
left  out  time  and  I  am  thankful  I  did.  This  time  around  we  will 
discuss  time, 

1.  By  July  1961  we  will  have  comparative  cost  figures  for 
automating  the  depot  versus  continuing  on  manual  test  basis.  This 
will  Include  the  acciimulated  relationship  of: 

a.  Manpower  needs  for  each  method. 

b.  Interchangeability  of  stimuli  and  transducers, 

c.  Cost  of  automating. 

(1)  Old  and  new  equipment, 

(2)  Limiting  the  automation  to  only  new  equipment, 
entering  the  Inventory.  For  example,  the  ARC -68  and  others  coming 
down  the  road  after  that. 

2.  Reliability  versus  maintenance  cost  curve. 

a.  By  Aug  61  we  will  have  two  points  on  this  curve  established. 

b.  By  Dec  6l  we  will  have  sufficient  points  on  the  curve  to 
define  the  total  picture, 

3.  The  above  will  give  and  has  given  economic  Justification  for 
automating  the  maintenance  testing  load.  We  have  planning  PR's  Into 
Procurement  to  buy  engineering  service  for  developing  programs, 
designing  of  adapters,  and  In  general  adding  hands  and  minds  to  our 
engineering  and  technical  staff,  to  speed  the  automating  process. 

The  long  range  goal  Is  JO  percent  automation  by  Jan  64  with  the  gradual 
build  up  as  an  outgrowth  of  the  model  shop  operation  going  on  at  the 
present. 
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4.  In  oi’der  not  to  confine  the  Air  Force  to  one  system  of  ATE 
we  have  written  the  necessary  work  statement  to  have  developed  an 
automatic  means  of  converting  program  tapes  from  one  system  of  ATE 
to  another.  This  is  similar  to  the  same  type  of  work  that  was 
accomplished  v;lth  regard  to  EDPE.  This  work  will  be  accomplished 
during  the  next  9  month  period  and  I  must  repeat  that  this  must  be 
successful  or  ATE  will  die  due  to  political  pressure.  "We  cannot 
do  a  program  as  comprehensive  and  as  broad  as  this  on  a  sole-source 
basis . " 
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FEASIBILITY  STUDY  OF  AUTOHATIC  TEST  EQUIPMENT  APPLICATION 


Richard  A.  St 1ms on 
Service  Engineering  Division 
Dayton  Air  Force  Depot 


FEASIBILITY  STUDY  OP  ATE  APPLICATION 

by 

RICHARD  A,  STIMSON 

Can  Automatic  Test  Equipment  (ATE)  be  made  versatile?  DAAPD 
engineers  and  engineers  of  Stromberg-Carlson,  on  a  contract  awarded 
by  the  depot,  are  making  a  nine  month  study  to  determine  versatile 
stimuli,  measurement,  and  adapter  characteristics  of  ATE.  This  study 
was  Initiated  to  determine  defective  module  and  part  Isolation  test 
requirements  of  a  representative  cross  section  of  depot  Inventory 
Items.  This  data  was  to  define  ATE  stimuli  and  measurement  functions, 
ranges,  and  accuracies.  Prime  equipment  physical  characteristics, 
such  as  test  point  accessibility  and  modular  or  subassembly  break¬ 
down  were  also  studied  to  determine  test  point  connection  and  test 
fixture  requirements. 

The  study  was  conducted  by  making  a  detailed  analysis  of  15 
representative  depot  Inventory  Items,  Including  communications,  IFF, 
ECM  and  radar  equipments  repaired  In  our  maintenance  shop. 

The  first  step  In  the  study  was  to  derive  a  basic  maintenance 
philosophy.  It  was  determined  that  defective  black  boxes,  as  they 
are  received,  would  be  checked  dynamically  and  statically  on  ATE  to 
Isolate  defective  modules.  The  defective  modules  could  then  be 
replaced  by  good  modules,  the  black  box  retested,  and  If  passing 
-atlsfactorlly  returned  to  the  serviceable  Inventory.  The  defective 
modules  would  then  be  further  tested,  both  statically  and  dynamically, 
to  Isolate  defective  components. 
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I  have  used  three  words,  module,  static  testing,  and  dynamic 
testing,  which  may  not  be  clear  to  all  of  you.  In  this  case,  modules 
are  subassemblies  which  can  be  removed  from  the  black  boxes.  Static 
testing  Is  the  testing  of  values  such  as  continuity,  resistance. 
Inductance,  and  Impedance.  Dynamic  testing  Is  the  testing  of  circuits 
under  operating  conditions . 

After  the  basic  maintenance  concept  was  derived  the  next  step 
was  to  review  all  existing  technical  literature  such  as  government 
Technical  Manuals,  and  m|inufacuters  data.  Then  the  circuit  schematics 
and  the  physical  black  boxes  were  studied  and  analyzed  to  determine 
the  theoretical  tests  necessary  to  Isolate  the  various  defective 
components  In  the  black  boxes  and  In  the  modules . 

After  the  theoretical  tests  were  derived  It  was  next  determined 
whether  It  was  physically  possible  to  make  these  tests.  Typical 
questions  to  be  answered  were ; 

1.  points  available? 

2.  can  tube  sockets  be  used? 

5.  can  one  component  be  Isolated  from  another? 

The  next  step  was  to  then  determine  the  stimulus  generators  and 
the  response  monitors  Including  their  ranges  and  accuracies.  A 
good  example  of  a  stimulus  generator  would  be  a  signal  generator; 
a  response  monitor  would  be  a  vacuum  tube  voltmeter  or  an  oscillo¬ 
scope  . 

After  determination  of  the  test  points,  their  accessibility,  and 
the  response  monitors  and  stimulus  generators,  all  the  test  data 
could  then  be  assembled. 
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This  was  done  In  17  categories,  such  as  RF  generator,  DC 

power  supply,  frequency  meter,  and  DC  voltmeter  requirements.  A 

series  of  graphical  plots  for  each  category  was  made.  A  typical 

graph  plots  the  number  of  black  box  test  requirements  versus 

frequency  of  RP  stimulus  generators.  Companion  graphs  show  accuracies 

required  and  frequency  coverage  required  for  prime  equipment  types. 

The  test  data  was  also  recorded  on  IBM  cards.  Machine  sorting 

can  be  applied  to  assemble  all  test  data  by  prime  equipment  types 

or  by  stimulus  generator  or  m.easurement  unit  types  or  by  frequency 

or  voltage  sub-dlvlslons  within  a  stimulus  generator  type.  While 

IBM  card  processing  was  not  absolutely  necessary  for  15  equipments, 

( 

the  format  developed  is  useful  for  any  study  of  broader  scope. 

Finally,  comparisons  were  made  between  costs  of  the  manual  test 
equipment  now  used  and  that  of  ATE  defined  In  the  study  and  of 
testing  costs  using  manual  and  proposed  ATE  methods.  •• • 

I  have  not  mentioned  reliability  or  the  fact  that  more  defective 
parts  are  found  with  ATE  than  Is  found  with  the  manual  method.  This 
will  be  discussed  by  other  speakers. 

As  a  result  of  this  present  contract  there  were  a  few  other  factors 
that  we  desired.  Therefore,  an  extension  to  the  contract  Is  being 
negotiated.  This  extension  Is  to  make  studies  In  more  detail  on 
certain  parts  of  the  basic  study.  This  will  Include  design  require¬ 
ments  for  ATE,  which  are  not  now  presently  available.  Also,  the 
basic  study  determined  the  feasibility  for  the  ultimate  use  of  ATE  In 
our  maintenance  shop.  Needed  next  are  some  of  the  stepping  stones 
necessary  along  the  way. 
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The  equipment  study,  graphical  presentation,  cost  and  data 
analysis  have  led  to  several  significant  results.  First,  all  I5 
equipments  can  definitely  be  tested  by  ATE  for  both  system  performance 
and  defective  part  Isolation  to  a  small  subassembly  or  a  small 
number  of  components.  The  degree  of  defective  component  Isolation 
possible  using  conventional  ATE  measurement  techniques  Is  a  function 
of  circuit  design,  packaging  and  number  of  test  points  utilized. 

The  greatest  number  of  tests  needed  for  fault  Isolation  to  a 
defective  module  was  found  to  be  thirteen  hundred  (I500)  for  a 
doppler  radar  navigational  computer.  For  a  typical  transmitter- 
receiver,  from  100  to  485  tests  are  required  to  determine  a  faulty 
module  or  subassembly. 

To  go  the  next  step  further,  that  Is,  to  determine  a  defective 
component  or  Isolate  to  a  small  number  of  components  within  a 
defective  module  or  subassembly,  the  number  of  tests  required  ranges 
from  6  to  225>  depending  on  the  module  complexity. 

The  graphical  data  presentations  have  Indicated  logical  overall 
ranges  and  characteristics  of  building  block  units  within  a  power 
supply  or  signal  generator  orpulse  generator  family.  They  have  also 
Indicated  the  programming  resolution  required,  assvunlng  digitally 
programmed  units  will  be  used. 

In  summary,  the  present  study  program  has  determined  specific 
test  requirements  of  typical  Air  Force  Inventory  equipment,  defined 
the  ATE  peripheral  equipment  required,  and  analyzed  present  manual 
and  proposed  ATE  costs.  By  full  utilization  of  these  results  and 
further  study  of  the  related  aspects  of  programming  and  definition 
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of  the  complete  ATE  complex,  an  overall  plan  to  economically 
Implement  ATE  at  DAAPD  will  evolve. 

What  will  all  of  this  do  for  you?  First,  you  will  have  a 
knowledge  of  ATE  electrical  requirements  which  are  feasible.  There 
will  be  available  In  the  study  report  the  techniques  needed  to  make 
similar  studies  of  specific  equipment.  It  will  list  the  procedures 
to  follow,  the  types  of  data  to  collect,  and  the  type  of  personnel 
necessary  to  make  studies . 

Foremost,  however.  Is  that  we  feel  confident  that  versatility 
of  ATE  Is  feasible.  This  concept  and  the  studies  that  we  have  made 
well  provide  the  nucleus  for  further  application  of  ATE  to  other 
equipments  throughout  the  Air  Force. 


MENEX 

(MAINTENANCE  ENGINEERING  EXCHANGE) 


MR.  JAMES  W.  GR(»SKY 
OFFICE  OF  SECRETARY  OF  DEFENSE 


PRESENTATION  BY  JAMES  W.  GRODSKY 
AT  THE 

AUTOMATIC  TEST  EQUIPMENT  SYMPOSIUM 
HELD  AT  DAAFD  10-11  JAN  1961 

Mr.  Chairman  and  fellow  participants:  I  appreciate  the  opportunity 
to  say  a  few  words  at  this  Symposium.  I  thought  that  you  might  be  interested 
in  a  program  that  we  have  sponsored  at  the  Department  of  Defense.  We 
call  this  program  "MENEX",  which  means  Maintenance  Engineering  Ex¬ 
change.  The  program  was  started  with  the  idea  of  assuring  that  available 
reports  in  the  field  of  maintenance  engineering  and  maintainability  are 
made  known  to  those  organizations  and  individuals  who  need  this  infor¬ 
mation.  In  the  MENEX  Program,  the  Office  of  Maintenance  Engineering, 
ODDR&E,  acts  as  the  focal  point,  receiving  information  on  maintenance 
engineering  and  maintainability  reports  prepared  by  industry  and  govern¬ 
ment  organizations  and  distributing  this  information  as  a  semi-annual 
bulletin  directly  to  industry  and  government. 

On  September  7,  I960,  the  Office  of  Maintenance  Engineering  forwarded 
a  letter  announcing  the  MENEX  Program  to  approximately  800  industrial 
personnel  and  to  the  Assistant  Secretaries  of  the  Army,  Navy  and  Air  Force 
(R&D)  for  transmittal  to  Military  Service  organizations.  In  this  letter  we 
requested  that  information  on  reports  concerning  maintenance  engineering 
and  maintainability  be  submitted  to  our  office.  These  reports  have  been 
reviewed  and  their  titles,  abstracts  and  pertinent  reference  information 
have  been  listed  in  the  MENEX  Bulletin.  This  bulletin  will  be  published 
twice  a  year  and  will  be  mailed  directly  to  personnel  interested  in  re¬ 
ceiving  it. 

You  may  ask  where  we  are  in  this  program.  The  initial  announcement 
letter  was  mailed  in  Sept.  I960.  As  of  this  date  approximately  200  individuals 
have  indicated  a  desire  to  participate  in  the  program.  A  date  of  December 
i960  was  set  as  a  goal  for  publication  of  the  first  MENEX  Bulletin.  This 
has  slipped  slightly;  we  now  plan  to  distribute  the  bulletin  on  Jan.  19,  196 1. 
The  first  bulletin  will  contain  information  on  a  small  number  of  reports 
received  through  the  MENEX  Program  plus  a  large  number  of  reports  which 
have  been  accumulated  by  ASTIA  from  1953  to  date.  The  bulletin  will  be  un¬ 
classified;  however,  it  will  include  reference  to  a  bibliography  of  classified 
ASTIA  reports  on  the  subject.  We  plan  to  issue  the  second  bulletin  in  July 
1961. 

If  anyone  here  at  the  Symposium  would  like  to  participate  in  the  MENEX 
Program,  please  let  us  know  by  letter,  postcard,  phone  or  any  other  means. 
We  will  be  pleased  to  have  you.  I  would  like  to  emphasize  that  this  program 
is  a  two  way  street  and  that  traffic  must  flow  in  both  directions  for  the 
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program  to  be  successful.  We  will  send  the  MENEX  Bulletin  to  people 
who  indicate  that  they  need  it.  In  order  for  the  Bulletin  to  be  useful,  it 
must  contain  complete  and  current  information  -  we  depend  upon  the 
program  participants  to  send  us  this  information.  We  will  keep  the 
traffic  moving  from  us  to  you;  be  sure  that  you  keep  the  traffic  moving 
from  you  to  us .  If  you  would  like  to  participate  in  the  MENEX  Program 
please  let  us  know  at  this  address: 

Office  of  Maintenance  Engineering 

Office  of  the  Director  of  Defense  Research  and  Engineering 

Washington  25,  D.  C. 
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A  TRANSCRIPT 

AUTOMATIC  TEST  EQUIPMENT 
BY 

MR.  JC«N  R.  TAYLOR 
OFFICE  OF  SECRETARY  OF  DEFENSE 


TRANSCRIPT  BY  JOHN  R.  TAYLOR 
OFFICE  OF  SECRETARY  OF  DEFENSE 
WASHINGTON  25,  D.  C. 

Mr.  Chairman  and  Fellow  Participants  in  the  Automatic  Test  Equipment 
Symposium; 

I  have  some  personal  beliefs  and  concepts  about  Automatic  Test  Equipment 
that  you  may  be  interested  in.  These  concern  both  the  present  and  the  future. 

It  is  quite  apparent  to  me  that  automatic  test  equipment  is  destined  to  play  an 
important  role  in  future  advances  in  technology. 

It  has  only  been  a  few  years  ago  that  maintenance  of  any  automatic  elec¬ 
tronic  systems,  such  as  fire  control,  navigation,  etc.  ,  was  nearly  impossible 
due  to  lack  of  ability  to  diagnose  malfunctioning.  The  mainy  interactions  and 
relationships  established  in  this  new  equipment  were  beyond  human  ability  to 
assimilate  with  the  equipment  on  hand.  At  this  point,  our  ability  as  a  nation 
to  take  advantage  of  new  advanced  technology  was  to  be  tested.  Happily,  we 
met  the  test.  Automatic  test  equipment  was  the  answer,  and  as  we  progress 
in  the  future  the  application  of  highly  automated  devices  will  depend,  by  and 
large,  on  such  test  equipment. 

Where  are  we  today?  To  me,  we  have  followed  a  natural  course.  Having 
the  ability  now  to  design  and  develop  automatic  test  equipment,  we  have  turned 
our  attention  to  the  design  of  new  automated  weapons  systems  and  devices, 

’"/ith  little  thought  given  to  the  mounting  use  and  application  of  automatic  test 
equipment.  The  situation  is  that  we  have  no  standard  ATE  and  therefore  are 
not  able  to  specify  the  use  of  such  equipment  in  the  development  of  new  weapons 
systems.  Consequently,  we  are  forced  to  buy  tailored  test  equipment  from  the 
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prime  contractor  to  support  his  new  weapons.  This  in  turn  is  building  up  to 
a  major  problem  in  the  not  too  distant  future  in  that  we  will  be  faced  with 
hundreds  of  millions  of  dollars  worth  of  obsolescent  test  equipment. 

The  key  to  the  present  and  future  of  ATE  is  to  find  an  optimum  design 
philosophy  that  can  be  standardized  on  a  DOD-wide  basis,  and  in  turn  be 
specified  for  use  with  new  weapons  and  systems  in  the  development  stage. 
Such  equipment  must  include  those  characteristics  that  provide:  maximum 
flexibility  of  use  and  application;  expansion  to  accept  new  test  measurements 
as  they  are  required  and  developed;  simplification  of  maintenance  and  modifi¬ 
cation;  arid  competitiveness  in  procurement.  Until  we  achieve  this  we  will 
continue  in  the  vicious  cycle  of  developing  for  each  new  weapon  new  tailored 
test  equipment.  The  redundant  engineering  created  by  this  situation  is  a 
gross  waste  of  such  talent  and  an  expense  that  we  can  reasonably  avoid. 

It  is  my  belief  that  the  answer  to  a  design  philosophy  for  automatic  test 
equipment  lies  in  the  building  block  concept.  Each  test  function  performed 
is  measured  to  a  standard.  A  family  of  standards  built  to  a  given  range  and 
level  of  accuracy  could  become  the  building  blocks.  They  would  be  designed 
to  a  standard  size  for  use  with  a  standard  racking.  These  standards  would 
then  be  used  with  a  standardized  programmer /comparator  such  as  the  GJQ/9. 
Here  we  have  a  design  philosophy  that  provides  for  the  essential  character¬ 
istics.  A  system  of  this  kind  could  be  specified  for  use  with  new  weapons, 
and  this  is  what  must  be  done  if  we  are  to  break  the  current  cycle. 
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From  what  Colonel  Riggs  has  been  telling  us  here  today,  I  am  satisfied 
that  we  are  headed  in  the  right  direction.  In  general,  most  people  concerned 
with  this  business  recognize  the  same  problems.  We  in  DOD  are  aware  of 
your  problems  and  are  planning  to  create  a  group  to  study  appropriate  means 
of  solution.  The  work  you  are  doing  here  should  be  of  considerable  benefit  to 
such  a  group. 

I  wish  to  extend  my  thanks  and  appreciation  to  Colonel  Veal,  Colonel  Riggs, 
and  Mr.  Kyle  for  an  eventful  day.  I  personally  feel  I  have  gained  much  from 
this  symposium.  Certainly,  it  has  helped  to  substantiate  certain  of  my 
beliefs.  The  tests  being  performed  here  and  the  data  being  compiled  should 
give  concrete  evidence  of  the  way  to  proceed. 

I  have  enjoyed  meeting  with  many  of  the  participants  and  invite  you  to 
visit  my  office  in  Washington  should  the  occasion  present  itself.  Thank  you. 
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DAFD  ATE  SYMPOSIUM 
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PROGRESS  REPORT  ON  DATICO  EQUIPMENT 
INSTALLED  IN  DME  AT  MAAMA 


Presented  By: 

Mr.  L.  B.  Ratcliff 
D/MM,  MANMPP 
Ext.  2217 
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DaticOj  the  Digital  Automatic  Tape  Intelligence  Checkout  Equip¬ 
ment  manufactured  by  Nortronics,  Anaheim,  California  was  delivered 
to  MAAMA  in  June  195°-  This  equipment  was  originally  procured  to 
introduce  automated  testing  capabilities  for  various  Type  B-6 
Autopilot  Amplifiers.  In  addition,  it  was  planned  that  t his 
equipment  would  be  periodically  revised  by  the  addition  of  new 
auxiliary  modules  and  programming  so  as  to  become  a  Universal 
Amplifier  Check-out  test  facility  to  replace  the  specialized  Test 
Sets  used  to  inspect  and  trouble-shoot  the  many  different  types 
of  amplifiers  and  electronic  control  packages  used  in  airborne 
autopilot,  guidance,  and  navigation  systems. 


Datico  was  designed  to  achieve  this  degree  of  flexibility  by 
being  composed  of  two  main  units;  (l)  The  main  control  and 
measurement  console  composed  of  tape  reader,  programmer,  com¬ 
positor,  timer,  counter,  control  relays.  Digital  Multimeter, 
and  program  patchboard.  (2)  The  service  unit  which  contains 
signal  generators  and  voltage  dividing  networks,  pneumatic 
supply  -  to  supply  input  signals  to  the  B-6  amplifier  under 
test.  This  machine  has  a  good  measure  of  success  with  the  B-6 
amplifiers.  Because  of  its  speed  it  can  perform  an  incoming 
troubleshooting  inspection  in  approximately  0.  2  5  hours  and  a 
final  inspection  on  an  amplifier  in  0.75  hours,  whereas  the 
former  manual  pre  and  final  inspection  took  about  7.1i  hours. 
Because  of  systematic  programming  and  printout  of  all  measure¬ 
ments  fault  isolation  led  to  pinpointing  defective  circuits, 
the  reduction  of  test  time  was  [i.5  hours.  The  repair  operations 
for  the  average  repair  cycle  fell  from  17.9  hours  down  to  about 
13. h  hours.  In  addition  the  measurement  accuracy  and  exact  re¬ 
peat  of  measurement  methods  ruled  out  the  human  factors  that 
lend  to  marginal  units  passing  or  failing  inspection. 


It  is  to  be  realized  that  instrument  workloads  fluctuate  from 
month  to  month  and  from  year  to  year.  In  order  to  get  the  most 
value  out  of  expensive  equipment,  it  must  be  at  work  all  the 
time  processing  whatever  instrument  that  happens  to  be  ready 
for  test.  It  should  be  able  to  change  from  one  test  to  another 
in  a  couple  of  minutes  by  plugging  in  new  cables,  slipping  in 
new  patchboards  and  clamping  on  a  different  spool  of  perforated 
tape. 


A  project  was  therefore  launched  to  select  three  new  amplifiers 
and  program  Datico  to  perfom  the  necessary  troubleshooting  and 
inspection.  The  A-12D  Autopilot  Amplifier,  N-1  Compass  Ampli¬ 
fier,  and  J-h  Compass  Servo-Amplifier  were  selected.  The  A-12D 
was  selected  because  3A  of  its  circuits  were  identical  to  those 
of  the  B-6,  the  difference  being  the  substitution  of  a  Bank 
angle  limiter  circuit  for  the  Compass  Amplifier  of  the  B-6.  It 
was  felt  that  the  same  equipment  in  the  service  unit  plus  very 
few  additional  networks  would  do  the  job  of  supplying  simulated 
inpu'o  signals.  The  N-1  was  selected  because  it  contained  types 
of  servo  power  amplifiers.  The  J-U  was  chosen  because  of  its 
wide  spread  use  on  many  different  aircraft  both  as  the  primary 
navigation  system  of  fighters  and  backup  compass  on  bombers. 

Its  existance  in  the  Air  Force  is  anticipated  for  many  years  to 
come. 


Before  starting  any  programming  work  we  had  to  know  how  the  system 
works.  The  Air  Force  contracted  with  Nortronics  to  present  a  six- 
week  training  course  to  32  men  selected  from  the  various  componente 
at  Middletown.  Equipment  Specialists,  Engineers,  and  Mechanics 
learned  the  detailed  functions  of  the  various  modules,  the  program 
code,  programming  techniques  and  the  equipment  in  the  B-6  service 
unit. 


The  next  step  was  a  try  at  programraing  the  A-12D  by  two  Engineers 
from  the  Service  Engineering  Division.  The  result  of  this  study 
was  the  realization  that  a  drawer  full  of  transformers,  relays, 
and  voltage  dividing  networks  would  be  necessary  just  to  supply 
simulated  input  signals  for  the  bank  angle  limiter.  This  study 
took  about  8  weeks  and  was  cpmplicated  by  the  way  that  standard 
Overhaul  Technical  Orders  are  written.  In  order  to  compose 
instructions  for  Datico  to  perform  a  test  sequence  you  must 
specify  what  voltages  you  need  to  apply  and  at  what  points  and 
what  signal  you  want  to  measure  and  at  what  pin.  The  Technical 
Orders  on  the  other  hand  are  written  for  the  operator  applicable 
to  a  particular  test  set.  The  test  sequence  usually  calls  out 
the  positioning  of  a  series  of  switches  on  the  panel  and  you 
read  the  measurement  on  a  panel  meter.  The  translations  in¬ 
volves  weeks  of  tracing  of  the  circuit  diagrams  of  the  test  set. 
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A  contract  was  then  procured  with  Nortronics  for  a  feasibility 
study,  in  detail,  for  the  N-1,  J-i^,  and  A-12-D  Amplifiers,  This 
study  was  to  develop  the  program  and.  service  unit  equipment  re¬ 
quirements,  as  well  as  finding  the  feasibility  of  programming  17 
new  components.  Nortronics  sent  two  applications  engineers  to 
MAAMA  Shops.  They  sat  down  with  two  instilment  technicians  and 
two  technicians  from  Industrial  Engineering  for  10  weeks  tracing 
circuits  and  writing  commands.  Eight  weeks  later  Nortronics  pub¬ 
lished  an  Engineering  Report  and  Preliminary  Model  Specification, 
The  report  stated  quite  correctly  that  much  new  service  equip¬ 
ment  is  required,  not  only  to  simulate  input  signals,  but  to 
measure  output  signals.  The  cost  for  engineering  the  additional 
gear,  including  program  tapes  for  three  amplifiers  was  approxi¬ 
mately  $167,000.  Because  of  the  expense  of  programming  old 
Instruments  from  standard  T.O.'a  the  view  point  of  expanding  the 
application  of  automatic  testing  to  instrument  overhaul  may  be 
difficult  for  amplifier  type  testing  in  relation  to  time  and 
expense* 


ADDITIONAL  FLIGHT  INSTRUMENTS  SURVEYED 
A.  GENERAL 

Twenty-five  additional  instruments  were  surveyed  to  tost  the 
applicability  of  automatic  checkout  procedures  to  these  unite* 

The  instruments  investigated  were  gyros,  servoamplifiers. 

Indicators,  and  servomechanisms* 

B*  GYROS 

The  displacement  gyros  can  not  be  fully  tested  with  the  present  serv¬ 
ice  unit.  This  tjrpe  of  testing  requires  a  computer,  torquor  ampli¬ 
fier,  Scorsby  table,  and  displacement  tables.  Equipment  such  as 
this  will  be  used  for  gyros  only.  Time  is  another  factor  to  be 
considered,  gyros  require  long  time  periods  for  tost.  The  check¬ 
out  equipment  would  be  tied  up  for  long  periods  of  time.  During  the 
bulk  of  this  time,  the  computer  and  DATICO  would  bo  Inactive.  For 
these  reasons  the  following  Instruments  wore  rejected r 

(1)  Directional  Slaved  Control  Gyro 

P/N  15810-1 

(2)  Directional  Slaving  Control  Gyro 

P/N  15150-1 

(3)  Directional  Stabilized  Control  Gyro 

P/N  Ii21l56-1 

(li)  Vertical  Control  Gyro 

P/N  h21l55-l 
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(5) 

Directional  Control  Gyro 

P/N  ij?30l40-2 

(6) 

Vertical  Speed  Altitude  Indicator 

P/N  18001-2A-2-A1 

(7) 

Mach  Safe  Speed  Air  Speed  Indicator 
P/N  18000-lA-l-Al 

(8) 

Compass  Controller 

P/N  131312-01 

(9) 

Displacement  Gyroscope  Assembly 

P/N  129370-01 

C.  TRANSDUCERS 

Three  transducers  were  surveyed  but  were  rejected  for  automatic 
checkout  because  of  specialized  service  equipment  required  and 
long  time  periods  required  for  system  stabilisation. 

(1) 

Engine  Pressure  Ratio  Transmitter 

P/N  2h09h-li  Air  Research 

(2) 

Engine  Pressure  Ratio  Transducer 

P/N  LG  lljAl  Minneapolis-Honeywell 

(3) 

Temperature  Synchro  Signal  Amplifier 
P/N  8KE55AAbl,  General  Electric 

D.  SERVOAMPLIFIERS 

Several  other  instruments  were  surveyed  and  found 
to  automatic  testing  and  within  the  capability  of 

to  be  applicable 
the  service  unit 

(1) 

Accessory  Servoamplifier 

P/N  23170-00-001 

(2) 

Altitude-Azimuth  Computer  Servoamplifier 

P/N  B2I4200-00-001 

(3) 

Astro-Tracker  Servoamplifier 

P/N  B?lj220-00-002 

(k) 

Correction  Computer  Servoamplifier 

F/N  B?Ij?10-00-001 

(5) 

Erection  Amplifier 

P/N  B2L(^70-00-002 

87 


(6)  Altitude  Director  Indicator 
P/N  I3I3II1-OI 

(7)  Amplifier  Power  Supply 
P/N  131313-01 

(8)  Aircraft  Flight  Director  Computer 
P/N  CHI-ii/A 

(9)  Horizontal  Situation  Indicator  Group 
P/N  AF/A?[tJ-l 

(10)  Compass  Adapter 
P/N  131316-01 

(11)  Altitude-Vert j cal  Speed  Amplifier 
P/N  13)161 -1-A-l 

(1?)  Rate  Gyroscope  Transmitter 

P/N  131311-01 

(13)  Narh  Number  Safe  Speed  Airspeed  Amplifier 
P/N  131j62-l-A-l 


An  evaluation  of  the  present  prospect  of  automatic  test  equipment 
for  aircraft  instrumentation  as  applicable  at  MAAMA.  The  basic 
concept  of  automatic  testing  is  sound  and  all  claims  regarding 
time  and  accuracy  can  be  substantiated,  however,  the  situation  at 
MAAMA  is  showing  complications  wherein  we  are  becoming  the  victims 
of  competition  in  individual  automatic  test  equipment.  Once  the 
automation  picture  was  accepted,  every  manufacturer  hopped  on  the 
band  wagon  and  established  his  own  methods  and  standards  of  per¬ 
formance.  This,  in  addition  to  the  absence  of  any  such  specifica¬ 
tions  in  the  Air  Force,  presents  a  situation  for  the  service  which 
will  result  in  considerable  confusion,  and  each  new  facet  examined 
exhibits  more  of  the  same. 


The  overall  picture  at  this  writing  is: 

1.  MAAfiA  has  a  DATICO  unit  suited  to  the  B-6  Amplifier  only 
and  capable  of  a  printed  read-out. 

c,  MAA?1A  has  contracted  for  a  Super  Tester  unit  for  use  with  the 
MD-1  Astro  Tracker,  MOT  capable  of  a  printed  read-out. 
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3.  AF  has  contracted  for  automatic  testers  from  Bendix  for 
use  with  the  automatic  flight  control  system  of  the  B-38.  They 
are  the  13935  Amplifier-Computer  Tester  and  the  13936  Power  Control 
Linkage  Assembly  Tester.  Neither  is  capable  of  printed  read-out. 

h.  ASC  at  AVC  has  contracted  with  Kearfott  for  3  automatic  testers 
for  use  with  the  AN/AJN-8  Navigation  Systems.  They  are  capable 
of  printing. 

Tiiis  means  MAAMA  will  have  seven  different  automatic  testers  from 
four  different  manufacturers  with  no  interchangeability  factor  with¬ 
out  the  expenditure  of  considerable  funds.  The  reference  to  print¬ 
ing  stems  from  requirements  of  quality  and  inspection  who  presently 
use  the  printed  tapes  from  these  machines.  Without  them  their 
manhours  and  the  machines  time  will  double,  thus  off-setting  any 
saving  made  in  another  phase  of  operation. 


The  logical  place  to  introduce  this  concept  is  in  the  design  of 
new  instrument  systems;  to  start  with  a  machine  that  has  wide 
parameters  and  have  the  instrument  manufacturer  design  his  pro¬ 
duct  to  be  tested  on  an  Air  Force  one  standard  test  machine. 

The  manufacturer  will  only  sell  the  Air  Force  the  program  se¬ 
quence  and  an  adaptor  module.  One  of  the  ’ma.ior  problems  is; 
who  knows  what  characteristics  are  in  the  electronic  equipment 
of  the  future  and  what  sort  of  service  unit  will  fulfill  all 
of  the  requirements? 
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PRODUCTION  ON  B-6,  -1  and  -6  AMPLIFIERS  AT  MAAMA 


PRE-CHECK 

O.K.  ON  PRE-CHECK 

FINAL  CHECK 

SEPTEMBER 

- 

1959 

II4 

OCTOBER 

- 

1959 

115 

NOVEMBER 

- 

1959 

I40 

DECE^^BER 

- 

1959 

79 

19 

72 

JANUARY 

- 

I960 

111 

26 

III4 

FEBRUARY 

- 

I960 

1147 

27 

161 

MARCH 

- 

I960 

38 

6 

103 

APRIL 

- 

I960 

92 

6 

00 

rr\ 

MAY 

- 

I960 

101 

13 

1I4I 

JUNE 

- 

1960 

65 

3 

90 

JULY 

- 

I960 

This  month  Digital  Multimeter  was 
to  factory  for  repairs. 

returned 

AUGUST 

- 

I960 

117 

2I4 

95 

SEPTEMBER 

- 

1960 

142 

7 

65 

OCTOBER 

- 

I960 

lit6 

33 

161 

NOVEf'BER 

- 

I960 

75 

26 

Oh 

DECEMBER 

- 

I960 

128 

33 

150 

III4I 

223 

I5h3 

ATCH  #  1 
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MAAMA  DATICO  OPERATING  HNE  vs  DOWN  TIME 


OPER 

DOWN 

TIME 

TIME 

OCTOBER  1959 

33h 

29 

^WT'H'TBER  1959 

126 

III4 

(Stepping  Switchs) 

DECEMBER  1959 

U5 

63 

(Stepping  Switchs) 

JANIIARI  I960 

267 

31.5 

FEBRUARY  I960 

22h 

38.8 

MARCH  1960 

170 

li3.0 

APRIL  1960 

230 

26.8 

MAY  I960 

233 

16.6 

JUNE  1960 

172 

llii 

(DMM  OUT) 

JULY  I960 

0 

136 

(EMM  OUT) 

AUGUST  1960 

180 

115' 

(DMM  OUT) 

SEPTEMBER  I960 

206 

0 

OCTOBER  I960 

220 

7 

NOVEMBER  I960 

210 

1 

DECEMBER  I960 

166 

9 

TOTAL  TIME 

2883 

732.1 

FACTOR 

8056 

20St 

ATCH  #  2 
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AM  EVALUATION  OF  ITEMS  COVERED  IN  FEASIBILITY  STUDY 


RELATIVE  TO  DATICO  APPLICATION,  BASED  ON  WORKLOAD 
AND  MACHINE  UTILIZATION 


ITEM 

NR  NOUN 

MFG  PART  # 

FED  § 

REQMTS 
FY  62 

1 

Accessory  Servo  Amplifier 

C23170-OC-O01 

66O5-993-532I4 

<h^28 

2 

Altitude-Asimuth  Computer  Servo  Amp 

B2i420C -00-001 

6605-993-9319 

3 

Astro-Tracker  Servo  Amplifier 

B21220-00-002 

6605-679-2213 

•«*3lj 

l4 

Correction  Computer  Servo  Amplifier 

821210-00-001 

6605-593-9320 

**38 

5 

Erection  Amplifier 

B2I467O-OO-OO2 

6605-658-2563 

**21; 

6 

Altitude  Direction  Indicator 

131311^-01 

66lO-633-l;283 

*361; 

7 

Amplifier  Power  Supply 

131313-01 

6615-632-3628 

**33 

8 

Aircraft  Flight  Direction  Computer 

CPU-Li/A 

66IO-633-I4258 

*221 

9 

Horizonal  Situation  Indicator  Group 

^221279003 

AF/A21jJ-1 

6610-633-1260 

*279 

10 

Compass  Adapter 

5221393003 

131316-01 

6615-632-3630 

*265 

11 

Altitude-Vertical  Speed  Amp. 

I5ii6l-1-A-1 

66lO-633-ii31i^ 

**1;7 

12 

Rate  Gyroscope  Transmitter 

131311-01 

6610-633-1^282 

*211 

13 

Mach  Number  Safe  Speed  Airspeed  Amp 

I51j62-1-A-1 

6610-633-1^319 

**1;7 

llj 

N-1  Compass  Amplifier 

16000 

6605-901-2370 

259 

19 

J-U  Compass  Amplifier 

I4  2  3060-3 

6605-596-9318 

851 

16 

A-12D  Autopilot  Amplifier 

608816-1 

6615-3U-9863 

**63 

17 

A-12D  Autopilot  Amplifier 

608816-2 

6615-3I48-0567 

739 

18 

B-6  (Being  O/H  at  MAAMA) 

6615-518-I4702 

205 

19 

B-6  (Being  O/H  at  MAAMA) 

6615-518-I4709 

900 

Workload  not  firm  as  of  this  date.  This  quantity  is  Air  Force  wide  requirements. 
**  Quantity  does  not  justify. 


ATCH  §  3 
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OPERATIONAL 


El 

STD 

PRE¬ 

TEST 

FINAL 

TEST 

ASSUR 

TEST 

INSP 

TEST 

c/n 

6. 

18.75 

1.18 

.50 

.3h 

.50 

327U8 

8. 

18.63 

2.k3 

.75 

.35 

.75  • 

32719 

9. 

23.90 

h.37 

1.01 

.35 

1.01 

32718 

10. 

17.72 

1.50 

1.60 

1.60 

327I46 

12. 

1.^0 

.25 

.25 

.25 

327li7 

ll. 

7.50 

1.00 

1.30 

1.30 

30067 

15. 

8.70 

.50 

.50 

.50 

32189 

17. 

18.39 

1.00 

2.75 

2.75 

31781j 

16.* 

1.00 

2.75 

2.75 

31725 

*  Similar  to  item  #17 


ATCH  #  U 
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ESTIMATED  TEST  Tlf'ES 


TOTAL 
#  OF 
E/I 

EACH 

MANUAL 

TIT® 

TOTAL 

MATTUAL 

TIT® 

EACH 

DATICO 

TTT® 

TOTAL 

DATICO 

TIT® 

TOTAL 

tt/h 

SAVINGS 

6. 

36i* 

X 

2.92 

917.28 

.79 

273.00 

6I4I4.28 

8. 

221 

X 

h.28 

9h9.88 

1.00 

221.00 

72)4.88 

9. 

279 

X 

6.7); 

1880. Ii6 

1.29 

3I48.79 

1931.70 

10. 

269 

X 

h.70 

1?)49.90 

•1.00 

269.00 

980,90 

12. 

211 

X 

.79 

198.29 

.20 

I42.2O 

^^116. 09 

Ih. 

299 

X 

3.60 

932. IjO 

.79 

19)4.29 

738.19 

1^. 

891 

X 

1.90 

1267.90 

.90 

129.90 

1482.00 

17. 

739 

X 

9.90 

140611.90 

1.00 

739.00 

14097.11 

18. 

209 

X 

9.90 

1127.90 

1.00 

209.00 

1129. 149 

19.-»* 

900 

X 

9.90 

li990.00 

1.00 

900.00 

14090.00 

16. 

63 

h'wr 

X 

9.90 

31:6.90 

1.00 

63.00 

283.90 

r7,83^.?7 

3“,6?6.76 

1)4,199.07 

12. 

-198.29 

-I42.20 

-116.09 

TOTAL 

17,677.92 

3,63)4.90 

1)4,0143.02 

*  MH  Savings  does  not 

warrant  programming. 

Not  included  in 

^0^3! • 

Presently  on  DATICO 

-6,077.90 

-1,109.00 

-9,179.149 

Proposed 

ATCH  #  $ 
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ESTIMATE  OF  DATICO  MANHOUR  SAVINGS  -  FY  62 
INCLUDING  ITEMS  BEING  PROGRAMMED  BI  MAAMA. 


MANUAL 

DATICO 

FffiTHOD 

SAVING 

TOTAL 

TEST 

TEST 

TIfffiS 

MANHOURS 

FY  62 

FY  62 

TIME 

Manual 

ON  DATlCO 

EACH 

QTY 

mNHOUR  SAVINGS 

On  Datico 
6615-518-1702 

*7.1:0 

1.80 

1.10 

1:.50 

205 

922 

6615-518-1709 

SUB-TOTAL 

*7.1:0 

1.80 

1.10 

1:.50 

900 

1:)150 

Proposed 

6605-U87-li769 

.91: 

.30 

.61: 

1)1:61: 

936 

6615-605-81i89 

1:.50 

1.50 

1.00 

2.00 

611 

1,222 

6615-3U-9863 

*7.1:0 

2.60 

1.10 

3.70 

63) 

) 

739) 

) 

1:89) 

66l5-3li8-0567 

*7.1:0 

2.60 

1.10 

3.70 

1,776 

66l5-568-h676 

SUB-TOTAL 

*7.10 

2.60 

1.10 

3.70 

6,931: 

TOTAL 

i2,006 

#  In  process 

tests  included  for 

these  items. 

NOTE:  Test  times  include  production  tests  and 

inspection  tests. 

ATCH  6 


95/96 


TEST  AUTOMATION  FOR  AIRCRAFT  AND  MISSILES 
(PROJECT  ACE) 


MR.  SIDNEY  I.  FIRSTMAN 
RAND  CORPORATION 
SANTA  MONICA,  CALIFORNIA 


B-190 


1 

In  the  years  since  World  War  II  there  has  been  a  revolution  In  military 
technology.  As  you  well  know,  one  mark  of  this  revolution  has  been  the  rise 
of  the  operational— and  budgetary— Importance  of  the  complex  ground  support 
equipment  for  modem  weapon  systems.  At  the  same  time,  there  have  been 
Increased  demands  for  skilled  maintenance  technicians,  who  were  already  In 
short  supply.  Many  weapon  systema,  such  as  Atlas  and  Titan,  require  high 
speeds  for  their  operational  checkouts;  others  such  as  Mlnuteman  reqiUre 
checkout  operations  and  measurements  which  unmanned  equipment  must  perfona 
rapidly,  remotely,  and  precisely.  Thus,  In  many  systems.  Increasingly 
difficult  and  complex  problems  have  superseded  the  some^rtiat  easier  diagnostic 
and  repair  problems  of  a  few  years  back. 

It  became  apparent  to  those  of  you  vho  were  watching  from  the  viewpoint 
of  operations  and  maintenance,  that  automatic  test  arid  checkout  equipment 
would  be  the  answer  to  many— but  not  all— of  the  problems  posed.  Automatically 
controlled  equipment  can  perform  some  kinds  of  teste  with  much  more  rapidity, 
precision,  and  repeatability  than  are  pwssible  with  manual  techniques.  More¬ 
over,  such  equipment  can  work  unattended  in  remote  sites. 

This  same  automation  possibility  also  became  apparent  to  the  weapon 
system  and  electronics  contractors,  and  I  understand  that  by  mld-19^8  ARDC 
had  received  a  staggering  number  of  proposals  for  automatic  test  and  check¬ 
out  equipment.  These  proposals  were  for  equipments  that  would  do  jobs  auto- 
atlcally;  Jobs  that  ranged  from  siB^)ly  testing  the  continuity  of  wires  to 
perfoxmlng  diagnostic  tests  on  coiiq)lete  missiles  or  aircraft,  and  then 
order  whatever  parts  are  needed,  post  the  weapon  status  at  an  appropriate 
headquarters,  and  perhaps  even  wake  up  the  crew  chief,  the  commanding  officer, 
or  CINCSAC,  \rtioever  Was  appropriate.  (And  I've  exaggerated  only  slightly  on 
the  last  ijoint . ) 
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It  was  at  this  time,  late  In  19^,  that  RAND  was  asked  by  Generals 
Anderson  and  Mills  to  look  at  this  matter  of  test  and  checkout  automation, 
and  In  ay  talk  to  you  today,  I  would  like  to  ac(iualnt  you  with  some  of  the 
things  that  we  have  done  on  this  broad  set  of  problems.  We  call  our  study 
Project  ACE— for  Automatic  Checkout  Equlpoient. 

Ry  way  of  Introduction  to  my  later  coosnents,  I  want  to  bring  attention 
to  several  categorical  statements  made  by  ACE  (automatic  checkout  eqixlpment) 
manufacturers,  or  hopeful  manufacturers,  about  such  automatic  equipment. 
Statements  like  these  are  the  essence  of  many  of  the  proposals  received  by 
ARDC,  and  perhaps  you  would  like  our  reactions  to  them.  Some  of  these 
statements  we  believe  have  merit,  and  others  we  have  reason  to  disbelieve. 
First,  the  statements,  or  claims,  that  appear  to  have  merit. 

It  la  claimed  that  ACE  can  take  a  design  engineer's  logic  and  test 
methods  and  place  them  In  use  at  every  Installation  they  are  needed  the  world 
over,  by  means  of  the  program  prepared  for  the  automatic  equipment.  This 

statement  is  true,  to  the  extent  that  the  automatic  equipment  can  be 
programmed  in  a  manner  paralleling  the  test  logic  eiiq>loyed  by  the  engineer, 
and  has  been  proved  by  automatic  checkout  eqtiipment  presently  In  the  field. 

On  the  other  hand,  some  checkout  equipment  cannot  be  programmed  to  perfoim 
the  exact  tests  performed  manually,  and  must  therefore  either  use  substitute 
automatic  tests,  or  revert  to  the  manual  methods;  this  happens  frequently. 

We  are  also  finding  that  not  all  needed  tests  can  be  anticipated,  and  this 
causes  a  continued  dependence  on  a  skilled  technician.  Some  liiqKsrtant 
design  Issues  left  unanswered  in  this  area  of  test  design  are  what  tests 
should  be  done  during,  say,  the  ground  life  of  a  missile  and  during  pre¬ 
launch  checkout,  what  test  efficiencies  are  required,  and  what  types  of 
equipment  are  best  used  for  these  tests.  Our  project  has  looked  at  these 
problems  and  we  have  some  results  that  I'll  show  you  in  a  few  minutes. 
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A  second  claim  that  appears  to  have  merit  is  that  the  tests  performed 
by  ACE  have  the  desirable  attribute  of  repeatability.  A  test,  once  pro¬ 
grammed,  will  be  performed  in  the  same  manner,  using  the  same  inputs  and 
limits  of  acceptability,  wherever  and  whenever  they  are  performed.  This 
assertion  too  appeaurs  correct  to  the  extent  that  the  Individual  checkout 
systems  are  operating  properly  and  were  properly  designed  in  the  first  place. 
Unfortunately  some  equipment  has  not  met  these  provisos. 

At  this  point  I  should  probably  pose  the  usual  questions  of  "who  checks 
out  the  checkout  equipment?"  and  "where  does  the  chain  of  test  equipment  end?" 
For  the  older- -I  could  say  first  generation— equipments,  these  were  eind  are 
real  problems.  Fortunately,  though,  newer — or  second  generation- -equipments 
are  incorporating  self  test  capabilities,  so  that  these  checkout  equipments, 
by  and  large,  check  themselves. 

A  third  claim  often  proffered  to  credit  ACE  is  that  test  result  data  can 
be  acoimulated  without  human  effort  or  possible  human  error,  and  that  these 
data  car  be  made  available  in  a  fora  that  is  reeuiily  useful  for  logistic  and 
command  functions.  If  enough  money  is  spent  to  provide  data  output  equipment 
for  the  ACE,  this  assei*tlon  too  is  apparently  correct.  Two  important  issues 
that  are  often  left  unresolved,  however,  are  what  types  of  data  should  the 
ACE  generate,  and  how  much  is  this  automatically  generated  data  worth  in  terms 
of  both  dollars  of  equipment  or  manual  functions  replaced? 

We  are  presently  looking  into  the  data  implications  of  these  automatic 
equipments;  let  me  expand  a  bit  and  tell  you  a  little  about  our  activity  and 
some  of  our  preliminary  attitudes.  To  begin  with,  we  must  recognize  that  ACE 
is  not  a  system  unto  Itself.  It  csinnot  be  regarded  as  cm  independent  piece 
of  hardware  or  as  a  total  system.  People  who  build  or  propose  to  build  ACE 
often  forget  that  the  data  output  requirements  placed  on  ACE  must  be  viewed 

in  teras  of  its  relationship  to  the  larger  Air  Force  information  structure. 
Thus,  ACE  must  be  viewed  in  light  of  its  role  as  a  data  originator  and  in 
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term*  of  Its  relationship  to  the  total  Air  Force  management  information  system. 
In  this  sense,  ACE  is  a  subsystem  in  the  total  Air  Force  information  system, 
which  consists  of  the  command  and  control  subsystem,  the  supply  subsystem,  the 
maintenance  subsystem,  the  personnel  subsystem,  etc.  It  is  our  preliminary 
thesis  that  the  information  output  of  ACE  is  dependent  on  the  demands  of  these 
subsystems  and  must  be  Integrated  with  them.  In  particular,  ACE  can  supply 
key  data  for  weapon  system  coosnand  and.  control,  supply,  and  maintenance,  tf 
it  is  to  do  this  effectively,  the  data  output  must  be  cooqpatlble--not  competi- 
tlve--wlth  existing  Information  systems.  This  also  means, cfcovirse,  that  the 
kind  of  data  supplied  by  ACE  must  be  directly  useful  in  terms  of  Information 
content  and  compatible  in  form  with  the  other  data  systems,  such  as  punched 
cards  or  punched  tape.  This  compatibility  ceui  be  achieved  only  if  proper  at¬ 
tention  is  paid  to  data  requirements  early  enough  during  the  equipment's  design. 

The  level  of  data  detail  must  be  carefully  plaxmed.  It  is  axiomatic 
that  the  kind  and  amount  of  data  furnished  by  ACE  should  be  no  greater  than 
required  by  the  control  and  support  systems.  In  this  context,  though,  let's 
observe  that  the  same  automatic  test  equipment  coxxld  be  used  at  several 
echelons  for  test  and  maintenance  (e.g.,  site,  squadron,  depot);  each 
echelon,  could  require  a  different  level  of  data  detail.  Hence,  we  may  need 
to  compromise  a  basic  design  or  we  must  provide  for  different  types  of  data 
output  for  each  basic  checkout  system. 

In  particular  we  are  starting  to  look  at  the  relationship  of  potential 
ACE  output  to  existing  or  planned  automatic  control  or  support  systems — like 
465L  and  IOC-2.  In  our  present  examination  of  the  roles  that  ACE  could  play 
in  the  Air  Force  data  systems,  we  hope  to  develop  a  conceptual  framework  for 
decisions  on  the  preferred  data  generating  and  processing  activities  of  ACE. 

As  I  mentioned  while  ACE  could  generate  many  kinds  of  data,  not  all  of  them 
are  warranted. 
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To  return  to  the  topic  of  manufacturers*  claims,  on  the  negative  side 
of  the  ledger  are  tvfo  assertions  that  are  often  made,  but  are  unfounded  for 
many  applications.  Ihe  first  of  these  is  that  ACE  saves  dollars;  the  second 
is  that  ACE  saves  manpower  and  lowers  the  skill  requirements.  We  all  know 
that  it's  clifficult  to  say  anything  general  about  this  matter  of  dollar 
savings,  and  therefore  any  sweeping  claims  should  be  eyed  wl'Ui  skepticism. 

For  most  weapon  systems  automation  of  some  test  and  maintenance  functions 
can  do  either — save  dollars  or  cost  more  dollars.  As  for  other  applications 
of  automation,  savings  will  result  only  if  the  equipment  utilization  is  high, 
and  this  utilization  will  depend  completely  on  the  particulars  of  the  equip¬ 
ment  8i>eed  and  capacity  and  the  operations  of  the  organization  that  is  to 
use  it. 

We  are  presently  looking  at  several  manpower  issues,  and  I'll  have 
more  to  say  about  this  later.  For  the  moment,  though,  let  me  pass  on  an 
interesting  finding  that  we  are  looking  into.  Two  study  groups  have  found 
that  automating  test  functions  will  certainly  not  decrease  the  skill  require¬ 
ments  for  the  maintenance  technician,  and  may  in  certain  cases  Increase  them; 
this  is  contrary  to  the  claim  of  many  proposals  for  automatic  equipment. 
Unless  we  are  to  depend  coiiq)letely  on  an  automatic  testing  device,  >rtiich  is 
unlikely,  and  because  some  required  tests  cannot  be  anticipated,  especially 
during  the  early  life  of  a  weapon  system,  the  operator  must  loiow  how  to  do 
mamial  diagnoses  and  repair  of  the  weapon.  In  addition  he  must  be  able  to 
operate  and  perhaps  repair  the  automatic  tester.  Hence,  increased  demands 
for  the  technician's  skills. 
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EXPOSITORY  PAPER  ON  ACE 

I'm  now  going  to  move  on  to  our  Project  ACE — what  we  have  accomplished 
to  date^  and  a  little  more  on  plans  for  continued  study.  Ihe  first  thing 
we  observed  when  looking  at  this  broad  problem  area  Is  that  the  Air  Force 
Is  spending  many  millions  of  dollars  on  automatic  test  and  checkout  equip¬ 
ment,  of  one  sort  or  another,  and  as  yet  there  was  no  unified  objective 
treatment  of  the  subject  available  to  the  Air  Force.  £y  this  I  mean  that 
there  was  no  single  reference  that  one  could  go  to  that  presented  a  broad 
range  of  ACE  design  and  employment  possibilities.  After  extending  our 
education  In  this  field,  we  sat  down  to  write  such  a  inference. 

As  an  example  of  the  Issues  we  address  In  this,  \diat  we  call,  "primer" 
on  ACE,  let's  examine  this  sketch  (Chart  l)  of  an  Idealized  automatic 
checkout  system — some  people  call  this  a  "universal"  type  of  system. 

This  checkout  system  encon^asses  the  means  for  performing  the  general 
test  functions  of  control,  stimulus  generation,  response  measurement,  and 
decision  making.  Ihe  programmer  controls  the  checkout  equipment;  let's 
observe  that  It  Is  this  device  that  makes  this  system  different  from  a 
manual  test  system.  The  stimulus  generators  supply  the  required  Inputs  or 
test  signals.  These  signals  are  routed  through  the  switching  equipment  and 
the  adapters  to  the  system  under  test.  The  conversion  equipment  converts 
analog  response  signals  from  the  system  under  test  Into  a  form  usable  for 
evaluation  and  display.  The  comparator  essentially  measures  the  response 
and  cempares  It  with  a  predetermined  reference.  The  Indicators  change 
the  measurement  Information  to  a  form  suitable  for  decision  making  by 
humans.  This  Information  Is  also  fed  back  to  the  progranner,  which  serves 
as  the  automatic  decision  element. 
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Let's  focus  our  attention  on  the  progransaer  for  a  moment;  a  section  of 
the  report  is  devoted  to  it.  Ihe  prograzomer  contains  the  store  of  necessary 
test  logic,  instructions,  and  limits,  and  controls  the  test  equipment  and 
system  under  test  according  to  its  store  of  knowledge.  It  is  sometimes 
called  the  "trains ”  of  the  checkout  equipment. 

For  manual  or  semi-automatic  systems,  the  programmer  is  the  technician. 
For  automatic  systems,  this  programmer  can  be  built  about  a  paper  tape  reader, 
as  is  done  in  the  AN/gJQ-9,  which  is  the  first  of  an  Air  Force  series  of 
"universal"  i>rogremmerB;  it  can  use  punched  cards,  as  is  done  by  the  AFCHE 
equipment  used  with  Atlas;  or  it  can  employ  a  digital  computer;  the  Army 
has  several  efforts  underway  to  further  explore  this  possibility.  Each  of 
these  programmer  types  has  a  different  capability  for  test  control,  and  for 
different  test  sltziatlons  one  or  the  other  would  be  preferred  technically; 
their  costs  however  could  be  significantly  different.  Often,  though,  a 
contractor  who  seeks  to  sell  a  digital  conputer  for  test  control,  which  in 
general  is  the  most  expensive  of  the  programmers,  may  argue  for  the  expensive 
device  largely  on  the  basis  of  its  speed  of  test  capability. 

This  speed  capability  is  not  always  significant,  and  must  be  considered 
within  the  o-ver-all  test  environment.  In  the  Report,  for  this  conparlson  of 
programmer  speeds,  we  devoted  several  pages  to  show  how  to  address  three 
relevant  questions;  first,  how  fast  can  information  be  supplied  by  the 
different  types  of  programmers— computers  are  certainly  faster  than  tapes— 
second,  what  is  the  contribution  of  fast  information  flow  to  the  speed  of  the 
conplete  test  sequence— some  test  operations  could  require  10-20  seconds,  and 
this  dwarfs  a  programming  time  savings  of  fractions  of  seconds — third,  in 
the  over-all  test  sequence  context,  is  the  cost  of  Increased  programmer 
speed  Justified— sometimes  even  the  most  expensive  device  would  be  Justified 
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if  It  alone  could  do  the  Joh  In  the  time  allowed  by  the  anticipated  opera** 
tlonal  context. 

OPERATIONAL  DESIGN  CRITERIA 

Let's  move  on  to  another  study  area  of  Project  ACE,  that  of  developing 
objective  operational  design  criteria  for  these  eutcnatic  systems.  And 
let's  confine  our  attention  to  automatic  test  end  checkout  eq.ulxinent  that 
operates  with  ballistic  missiles.  Criteria  for  the  design  of  a  BihBlle'B 
ground  system  are  of  several  natures.  At  present,  typical  criteria  will 
state  conditions  like,  "electronic  eq,ulpnjent  must  be  capable  of  unattended 
operation  for  a  period  of  60  days, "  "electronic  and  hydraulic  equipments 
will  be  designed  capable  of  being  maintained  using  a  remove  and  replace 
concept,"  or  "standard  test  equipment  will  be  employed  wherever  possible." 

In  conjunction  with  these  criteria  for  the  j^slcal  requirements  of  the 
equipment,  statements  derived  from  objective  studies  are  needed  to  specify 
what  the  equipment  Is  to  do,  how  well  it  must  do  these  tests,  how  often, 
and  so  forth.  These  are  operational  design  criteria;  they  are  rules  for 
the  use  of  the  equipment,  and  goals  or  guides  for  the  design  of  the  equip¬ 
ment.  In  the  past,  precious  little  objective  attention  has  been  given  to 
such  criteria.  Instead,  they  have  been  set  the  methods  of  "rule  of 
thumb"  and  "engineering  Judgment." 

Parts  of  a  missile  (missile  functions)  perform  physical  roles— they 
"'TOpel  the  missile,  they  guide  the  missile,  etc.  In  addition,  these 
functions  play  operational  roles— they  must  operate  as  a  unit  to  acc(mq>lleh 
a  mission,  and  because  missile  hardware  is  not  perfect,  l.e.,  it  demonstrates 
failure  characteristics,  it  necessitates  certain  ground  operations.  Readiness 
testing  is  one  of  these  ground  operations  that  is  made  necessary  by  missile 
unreliability,  and  its  effectiveness  is  measured  in  operational  terms^ 
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Readiness  Testing 

Readiness  testing  Is  that  set  of  tests  performed  regularly  for  the 
dual  purposes  of  helping  to  keep  the  missile  in  a  launch-ready  condition, 
and  keeping  the  cemmander  informed  on  the  status  of  the  missiles  in  his 
force.  I've  already  discussed  eome  of  the  data  Inq^tllcatlons  of  ACE.  Let 
me  show  you  two  of  our  results  in  this  area  of  readiness  testing  for 
maintenance  purposes;  the  first  result  will  be  concerned  with  deteimlnlng 
a  system  concept  for  testing;  the  second  result  will  be  directed  toward 
designing  the  test  methods  and  equipment  within  the  system  concept. 

A  missile  emplaced  in  a  silo  is  tested  in  several  ways,  using  eq]uip- 
ment  in  several  locations.  (See  Chart  2)  For  safety  and  physical  resusons 
some  functions  on  the  missile  are  monitored  continuously;  two  examples 
axe  propellant  or  oxidizer  tank  pressure  and  gyro  fluid  temperature. 

Other  functions  are  essentially  left  alone  for  extended  periods  of  time; 
solid  propellant  engines  ere  a  case  in  point.  Some  functions,  and  indeed 
the  major  portion  for  most  missiles,  are  checked  periodically.  They  are 
checked  because  failures  do  occvoc  while  a  missile  is  in  a  static  mode, 
and,  these  failures  should  be  detected  and  repaired  before  a  launch  attempt 
is  to  be  made. 

For  those  functions  that  axe  checked  periodically,  the  best  testing 
intezvals  must  be  deteimlned,  i.e.,  how  often  should  the  tests  be  performed-- 
weekly,  monthly,  yearly. . .  ?  VJhen  detennining  a  system  test  concept,  the 
system  cost  and  capability  are  the  prime  considerations.  For  example,  there 
are  costs  associated  with  taking  a  van  of  equipment  out  to  a  missile  site 
to  test  the  missile.  There  are  other  costs  associated  with  repairing  a 
missile  that  contains  a  malfunction— perhaps  one  that  is  caused  by  testing. 

On  the  other  hand,  a  missile  that  contains  a  malfunction  that  has  not  been 
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detected  is  probably  more  detrimental  to  the  force  than  one  that  Is  down 
for  maintenance,  as  ve  would  be  erroneously  planning  on  Its  use.  These 
failures  can  be  detected  only  by  testing. 

Looking  at  these  testing  costs,  and  the  costs  of  missile  end  test 
equipment  procurement  and  insteiLlatlon,  and  at  the  sources  of  missile  down¬ 
time,  one  can  ask,  what  is  the  minimum  frequency  of  testing  that  will  assure 
a  given  capability,  i.e.,  a  given  number  of  ready  missiles,  for  the  least 
dollars  spent  on  the  entire  system.  Or,  he  could  ask,  within  a  fixed  budget 
and  with  all  other  system  parameters  being  held  constant,  how  often  should 
the  missiles  be  tested  to  assxire  that  the  greatest  number  are  ready  to  go 
at  all  times? 

Both  of  these  problems  can  be  answered  in  the  saaie  way.  \Qien  the  total 
weapon  system  cost  for  a  given  force  size,  basing  concept,  and  so  forth,  is 
factored  into  those  costs  associated  with  testing  and  repair  end  all  other 
costs,  it  can  be  plotted  as  on  this  chart  (Chart  3).  Here  we  show  the 
total  weapon  system  cost  as  a  function  of  the  checkout  period  for  a  hypothe¬ 
tical  missile  system.  Notice  that  for  this  exan^le,  as  the  period  of  test 
changes  fsram  one  day  to  100  days,  the  weapon  system  cost  decreases  drasti¬ 
cally. 

On  the  other  hand,  by  stretching  out  the  time  between  periodica,  we 
are  allowing  more  missiles  to  remain  in  their  silos  with  undetected  failures. 
These  missiles  are  not  ready  to  go — even  though  a  squadron  status  board 
would  indicate  that  they  are  ready.  This  problem  is  shown  on  the  second 
curve  on  this  chart,  which  shows  how  the  ready  rate,  or  the  ratio  of  mlesiles 
ready  to  the  total  number  of  missiles,  changes  with  the  test  period.  Notice 
that  for  very  small  test  intervals  the  ready  rate  decreases,  and  this  is 
because  we  are  spending  too  much  time  testing  and  this  testing  is  causing 
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failixres  that  must  he  repaired.  We  can  observe  from  these  ciirves  that  the 
best  capability  is  achieved  at  almost  the  hipest  cost,  therefore  ve 
must  examine  the  trade-off  between  cost  and  capability,  and  determine  the 
best  compromise.  The  system  criterion  of  effectiveness,  that  works  for 
both  the  fixed  budget  and  fixed  capability  cases  I  described,  is  ready 
rate  per  system  dollar.  Finding  the  best  ready  rate  per  system  dollar  is 
equivalent  to  finding  the  test  frequency  that  maximizes  the  total  number 
of  ndsailes  that  are  ready  to  go  per  dollar  spent  on  the  system.  This 
best  test  frequency  is  obtained  by  simply  dividing  the  number  of  ready 
missiles  for  each  test  frequency  by  the  associated  total  system  cost,  and 
the  results  are  shown  on  the  third  curve  on  the  chart.  It  is  the  number  of 
good  weapons  per  unit  cost,  and  it  shows  that  in  this  hypothetical  case  the 
best  test  period  is  about  10  days.  If  the  missiles  are  tested  every  10  days, 
the  system  will  demonstrate  its  best  readiness  capability. 

This  ai>proach,  or  method,  was  comceziied  with  those  functions  of  a 
missile  that  are  checked  periodically,  end  it  was  based  on  cost  and  opera¬ 
tional  factors  that  are  of  necessity  gross  and  descriptive  of  large  elesaents 
of  a  missile.  We  feel  the  method  is  useful  for  helping  determine  system 
testing  concepts  because  it  provides  a  convenient  objective  framework  for 
examining  numerous  liportant  support  trade-offs. 

This  approach  to  periodic  test  scheduling  was  concerned  with  developing 
one  element  of  a  system  concept.  Once  the  entire  system-deslgn-and-operatlon 
concept  has  been  determined,  the  test  equipment  must  be  designed  to  operate 
within  the  concept.  One  Isportant  question  for  the  equipment  designer  is, 
for  those  missile  functions  for  which  design  freedom  exists,  how  does  one 
decide  whether  to  check  it  periodically,  or  to  monitor  it  continuously  (if 
this  is  possible),  or,  perhaps,  to  leave  it  alone  until  a  launch  attempt  is 
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to  be  made?  Answers  to  these  questions  determine  the  nature  of  the  test 
equipment  to  be  employed  within  the  system  concept.  We  are  presently 
developing  a  method  to  aid  engineers  In  such  design  decisions.  I'll  not 
go  through  our  progress  on  this  method  In  detail  now  because  It  would  take 
too  much  time,  but  let  me  show  you  one  Interesting  portion. 

Briefly,  the  readiness  testing  equipment  design  problem  we  are 
addressing  is  this  (see  chart  2).  Test  equipment  can  be  located  In  a  van, 
in  the  silo,  or  aboard  the  missile.  For  seme  systems  this  van  might  give 
place  to  a  helicopter.  The  test  equipment  In  all  three  places  could  be 
used  to  check  periodically,  while  the  silo  and  missile  equipment  could 
also  be  used  to  monitor  continuously.  Because  of  their  different  cai>a- 
bilities  to  detect  failures,  the  timeliness  of  their  detections,  and  their 
varying  propensities  toward  causing  failures,  each  testing  method  will 
give  a  different  readiness  for  each  missile  function.  We  like  to  measure 
this  readiness  by  the  probability  that  the  function  will  be  operative  at 
any  randomly  chosen  future  time,  e.g.,  the  time  \dien  the  missile  must  be 
launched. 

Because  these  readiness  probabilities  differ  from  method  to  method 
for  a  particular  function,  the  problem  is  to  choose  the  method  and  equip¬ 
ment  location  combination  that  Is  best  for  each  function.  As  a  first 
step,  we  parametrically  described  these  readiness  probability  terms  for 
all  combinations  of  missile  function  and  testing  method  characteristics, 
lere  is  a  plot  (chart  4)  of  one  set  of  probabilities;  these  are  for 
check-i>erlodlcally  mode  of  testing.  We  can  see  that  these  descriptions 
are  based  on  such  factors  as  the  function  reliability,  expressed  In 
mean-tlme-to-f allure  under  ground  conditions,  the  test  equipment  access 
and  accuracy  which  give  the  p  and  q  estimates,  the  test  period  T,  obtained 
from  the  previous  method,  the  chance  of  causing  a  failure  by  testing  d, 
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and  a  measure  of  the  nalntenEince  concept  a,  l.e.,  an  accounting  for  planned 
delays  In  repairing  a  known  failure.  For  these  particular  curves,  the 
time  to  repair  a  malfunctioned  part,  t,  was  Included  In  the  analysis,  but 
Its  Impact  on  the  results  was  found  to  be  Insignificant.  In  essence,  these 
curves  tell  you  that  If  you  test  a  function  having  these  characteristics 
(reliability,  d),  using  test  equipment  with  these  characteristics  (p,  q), 
according  to  a  concept  with  these  characteristics  (a,  t,  T),  then  this 
readiness  will  result. 

From  these  sorts  of  curves  we  can  get  the  readiness  probability  for 
each  function  on  the  missile  for  each  combi nation  of  method  and  equipment 
location*  To  use  these  numbers,  we  have  laid  out  a  design  tableau— ‘Which 
we  are  now  trying  out  on  a  hypothetical  missile.  On  this  tableau  the 
nusibers  are  entered  for  each  function,  or  group  of  functions,  and  eeich  test 
equipment  location  and  method.  Tests  that  are  constrained  by  physical  or 
safety  reasons  are  Indicated,  and  then  the  balance  of  the  test  program  Is 
chosen  by  finding  the  method — location  ccnsbinatlon  that  Is  best  for  each 
function.  If  complete  design  freedom  exists,  then  this  process  will  yield 
the  theoretically  best  readiness -testing  program,  consistent  with  the 
system  concept. 

It  could  happen,  however,  that  one  or  all  of  the  possible  locations 
could  be  8peu:e  or  wel^t  limited,  eind  then  compromises  must  be  made.  We 
.j&ve  devised  a  way  to  help  mahe  these  conq)romlse  decisions  too;  once 
using  a  design  tableau. 

Prelaunch  Checkout 

Let's  move  on  now  from  those  tests  performed  regularly  to  those  per¬ 
formed  Inmedlately  prior  to  launching  a  missile.  Ihe  last,  and  perhaps 
the  most  Important,  task  that  test  equlpaent  must  do  for  a  missile  Is  to 
nil 
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conduct  a  pre-launch  confidence  checkout  as  part  of  the  countdown.  We  can 
obseinre  that,  in  general,  it  makes  good  sense  to  keep  all  missile  functions 
ready  as  much  of  the  time  as  is  feasible.  This  does  not  mean  however  that 
all  functions  will  be  kept  100^  ready.  Furthermore,  it  appears  to  be  a 
poor  policy  to  depend  on  the  pre -launch  checkout  to  detect  existing  faults 
in  a  missile,  because  this  either  creates  a  need  for  an  increased  wartime 
maintenance  capability,  or  the  missile  will  not  be  launched.  In  combination, 
these  observations  argue  to  (a)  make  the  readiness  testing  as  good  as 
possible,  and  (b)  develop  the  pre-launch  checkout  program  to  complement 
the  readiness  testing — using  the  outputs  of  the  readiness -testing  analysis 
as  inputs  to  the  pre-launch  checkout  analysis. 

In  talking  with  several  of  the  ballistic  missile  contractors,  we 
Inquired  as  to  how  the  pre-launch  checkout  is  designed.  How  are  the  tests 
chosen  that  will  be  performed  in  the  limited  time  available  for  such  tests? 

It  turns  out  that  the  typical  procedure  is  to  hold  a  meeting  of  those 
concerned,  and  the  checkout  that  results  is  a  compromise  of  their  Judgment 
and  intuition. 

We  want  to  develop  objective  design  criteria  that  could  be  used  as 
a  point  of  departure  for  such  design  decisions  and  thereby  lessen  this 
dependence  on  Judgment  and  intuition.  We  were  able  to  develop  a  technique 
that  uses  the  operational  requirements  on  the  missile  as  a  basic  design 
criterion  eind  gives  the  theoretically  best  checkout  and  the  required 
efficiency  of  the  test  equipment.  Let  me  develop  the  problem  briefly, 
and  show  you  the  resulting  technique. 

Here's  a  typical  ballistic  missile  (chart  5)*  It  has  a  propjulsion 
system,  a  guidance  system,  and  so  forth.  Each  of  these  is  a  potential 
candidate  for  checking  during  the  pre-launch  checkout,  because  each  could 
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contain  a  malfunctioned  component  or  sub-system.  But,  typically,  time 
does  not  permit  the  checking  of  all  these  parts.  So  the  problem,  as  we 
see  It,  Is  to  determine  which  tests  to  do  In  the  limited  amount  of  time, 
so  as  to  maximize  \diat  we  have  called  "cannoanders' confidence"  —  (see  chart  6 
for  definition). 

To  make  this  sort  of  design  decision,  we  must  be  concerned  with  nTSoeroua 
factors  —  such  as  the  chance  that  a  missile  function,  or  group  of  parts, 
contains  a  malfunction;  the  chance  of  causing  a  failure  by  testing;  the 
chance  of  finding  or  not  finding  a  fallxire  that  Is  there;  the  chance  that 
we  call  a  good  function  bad;  and  the  time  that  Is  required  for  each  test. 

TaJdng  account  of  those  factors  that  are  appropriate,  all  of  which 
can  be  estimated  from  reliability  test  data,  we  were  .able  to  define  a 
"value"  for  each  test.  This  value  Is  with  respect  to  the  confidence 
req,ulrement  I  defined.  On  the  next  chart  (chart  7)  ve  have  plotted  this 
value  against  the  time  required  for  each  test,  where  a  test  could  be  con¬ 
cerned  with  one  function,  or  a  group  of  functloxrs.  Nov  that  we  have  this 
plot  of  value  against  the  time  for  each  test,  we  are  able  to  determine— 
graphically— those  tests  that  are  theoretically  the  best  to  perform  In 
the  limited  time.  To  make  these  decisions  we  merly  swing  a  ray,  starting 
with  the  vertical  axis,  and  pick  up  tests  as  we  go  down.  The  tests  that 
we  choose  In  this  manner  are  those  tests  with  the  greatest  value  per  time 
•pent  testing  (the  slope  of  the  ray  Is  value/time).  We  add  up  the  time 
required  for  each  test  tintll  the  time  allotted  Is  filled.  Here  we  have 
shown  the  ^  ^  ibIQ  checkout  lines,  and  the  tests  above  the  lines  are 

those  that  comprise  the  theoretically  best  pre-la\mch  checkout  for  these 
particular  checkout  lengths;  i.e.,  these  tests  will  maximize  the  connnanders' 
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There  is  a  second  stage  to  this  decision  process  that  takes  advantage 
of  test  information  on  certain  functions  that  is  obtained  essentially  free 
by  testing  other  functions.  I'll  not  go  throu^  that  method  now,  but  it 
is  a  simple  iterative  process.  This  graphical  decision  technique,  by  the 
way,  is  a  result  of  some  jiure  research  in  mathematics,  done  here  at  RAND 
by  George  Dantzlg  some  four  or  five  years  ago.  It  Is  essentially  a  linear 
programming  technique. 

Before  leaving  this  topic,  let  me  point  out  that  we  have  shown  this 

method  to  numerous  Air  Force  organization  staffs  including  BMD,  and  also  to 
Martin,  Convalr,  and  STL.  At  the  request  of  the  BMD  Titan  office  we  worked 
with  The  Mai^in  Company  to  apply  the  method  to  part  of  the  Titan.  As  a  re¬ 
sult  of  this  work  The  Martin  Company  is  starting  to  use  a  modified  version  of 

this  technique  to  design  the  pre-launch  checkout  of  the  Titan  B.  Persons 
at  Convair  are  also  looking  into  the  possibility  of  using  this  method,  both 
to  evaluate  the  launch  confidence  of  the  Atlas  and  to  help  shorten  their 
maintenance  inspections.  If  either  of  these  efforts  are  completed,  and 
AF  Insistence  on  objective  anjLlysls  in  this  Important  area  would  insure 
their  completion,  it  will  represent  the  first  time  that  a  quantitative 
statement  of  launch  confidence  could  be  made  for  an  Air  Force  missile. 

It  woxild  also  be  the  first  time  that  any  pre-launch  checkout  was  designed 
to  best  satisfy  its  operational  role,  rather  than  to  satisfy  some  design 

I 

groups  subjective  feelings. 

This  concludes  my  discussion  of  the  things  that  we  have  done. 

PRESENT  EFFORTS 

During  this  talk  I  have  raised  numerous  issues  or  problems  surrounding 
the  design  and  employment  of  ACE;  some  I  have  been  able  to  answer,  while 
others  have  been  left  unanswered.  Among  the  most  prominent  of  the  vinanswered 
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questions  are  those  that  deal  with  the  data  and  manpower  implications  of 
autcoatic  testing.  These  are  the  areas  of  two  of  our  present  efforts. 

I  have  already  spoken  of  our  study  efforts  in  the  data  area.  In  the 
manpower  area,  we  are  concerned  with  the  impact  that  this  automatic  equip¬ 
ment  will  have  on  Air  Force  manpower.  How  will  it  affect  the  number  and 
skill  level  requirements  for  operations  emd  maintenance?  Are  there  any 
training  benefits  that  can  be  derived  or,  as  appears  more  likely,  will 
more  difficult  training  problems  evolve?  These  questions,  and  others,  are 
being  addressed  by  primarily  a  case  study  approach  in  order  to  detemine 
%diat  preparation  the  Air  Force  should  make  for  future  increases  in  auto¬ 
mation. 

A  second  effort  in  the  manpower  area  is  looking  at  the  proper  roles 
for  and  machine  in  test  systems.  There  must  be  a  man  somevdiere  in 
each  system;  the  question  is,  where  should  he  be  and  what  should  he  do? 

What  provisions  must  be  made  for  him,  azid  what  are  the  limitations  on  his 
capabilities  to  control  and  make  decisions?  We  are  presently  gathering 
information  on  human  factors  and  on  the  experience  of  organizations  that 
have  used  automatic  test  equipment.  Hopefully,  from  eui  analysis  of  this 
information  we  will  be  able  to  develop  rules,  or  guides  for  the  employ¬ 
ment  of  tnan  and  machine  in  test  and  checkout. 

The  last  unanswered  problem  area  I  want  to  mention  is  that  of  standard¬ 
ization  of  ACE.  We  all  recognize  that  duplication  of  equipments  that  do 
essentially  the  same  task  is  costly.  Development  time  and  dollars  are 
needlessly  spent;  short  production  runs  of  specialty  items  give  rise  to 
higher  procurement  costs;  and  the  iise  of  specialty  items  rather  than 
standard  items  reflects  itself  in  higher  over-all  procurement,  increased 
maintenance  difficulties,  and  a  need  for  increased  training  of  maintenance 
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personnel.  On  the  other  hand,  there  are  certain  dangers  that  could  result 
from  a  program  of  standardization.  For  example,  information  about  a  system 
is  gained,  in  varying  quantities,  depending  on  the  method  of  test  employed 
for  each  function  in  the  system.  The  adoption  of  standard,  or  universal, 
equipment  could,  then,  degrade  the  test  capability  for  some  systems  by 
essentially  forcing  them  to  adopt  a  non-optimum  method  of  test. 

This  I  believe  presents  the  problem,  emd  It  is  one  that  ve  are  pres¬ 
ently  working  on.  Standardization  of  test  equipment  is  not  a  new  problem; 
it  has  been  looked  at  by  severed  groups  steirting  with  the  R&D  board  in  1950. 
It  is  still  largely  unresolved,  however. 

The  question  that  we  are  addressing  can  be  stated  as,  is  it  feasible 
from  economic  and  technical  viewpoints  to  standardize  autooiatlc  test  equip¬ 
ment,  and  if  so,  at  ^diat  level  of  aggregation?  The  work  that  ve  are  doing 
on  this  issue  is  primarily  conceptual  and  dlxected  largely  toward  developing 
a  framework  within  which  specific  standardization  ideas  can  be  evaluated. 
Hence,  our  work  in  this  area  should  serve  as  a  useful  companion  study  to 
the  work  presently  being  done  on  SR-17$30( "Design  Criteria  for  Automatic 
Test  and  Checkout  Systems,"). 

CONCLUSION 

In  closing,  I  have  tried  to  explore  several  of  the  more  interesting 
problems  facing  us  in  the  field  of  test  equipment  automation.  Some  questions 
I  have  been  able  only  to  raise  but  not  answer.  Our  study  is  continuing,  and 
in  the  near  future  ve  should  be  able  to  report  on  sone  of  these  unanswered 
questions . 
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ADEPT  STUDY  PBOGRAM 


The  subject  of  this  talk  is  the  "ADEPT  Study  Program".  First  of  all,  before 
I  discuss  the  program,  I  will  tell  you  what  the  name  stands  for.  It  is  a  coined 
abbreviation,  derived  from  the  words,  "Air  Force  Depot  Equipment  Performance  Tester." 
Actually,  this  title  "ADEPT"  does  not  completely  describe  the  project,  since  the  study 
has  a  two-fold  objective. 

The  first  phase  of  this  study  will  produce  a  Performance  Specificati  oi  and  a 
Model  Specification  for  a  Service  Ihilt  which  will  be  compatible  with  the  ATE  which 
we  presently  have  in  the  Air  Force  inventory.  These  specifications  will  Incorporate 
buildiirg-block  design  concepts  and  plug-in  module  techniques,  and  will  define  the 
requirements  for  a  Service  Unit  which  will  be  capable  of  performing  eutomatlc  malfunc¬ 
tion  analysis  of  the  following  seven  Air  Force  electronic  systems: 

a.  AN/ALT-6b  Electronic  Countermeasures  Set 

b«  ARC-58  Radio  Communications  Set 

c.  ARC-65  Radio  Communications  Set 

d.  ARN-21  Radio  Navigation  Set 

e.  APN-59  Radar  Navigation 

f.  APN-IO5  Radar  Navigation  Set 

g.  U3M-26  Frequency  Meter 

These  seven  equipments  were  selected  for  this  study  because  they  were  adjudged  to  be 
representative  of  those  equipments  being  maintained  by  DAAFD.  The  Service  Unit 
described  by  the  specifications  to  be  generated  frcm  this  study  will  provide  may-i  imnn 
flexibility  and  versatility  with  a  minimum  number  of  modules,  and  shall  include  all 
required  stimulus  generators,  transducers,  and  automatic  switching  necessary  to 
perform  the  desired  tests.  With  a  ndnimum  of  modification,  the  capability ■  of  this 
system  could  be  extended  to  include  eO.!  equipments  in  the  DAAFD  workload. 
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The  second  phase  of  this  study  which,  incidentally,  is  not  described  by  the 
coined  title,  will  define  the  advantages  to  be  gained  by  performance  of  automatic 
checkout  with  conjiuter  control  and  by  the  utilization  of  congmter  capability  for 
the  purpose  of  analyzing  test  results  for  detEdled  fault  diagnosis.  The  following 
additional  benefits,  which  could  be  derived  from  the  application  of  conputer  methods, 
will  also  be  described  and  explained  by  this  study: 

a.  Automatic  confutation  of  limits  based  on  previous  measurements. 

b.  Automatic  confutation  of  limits  based  on  applied  stimuli. 

c.  Servo  control  of  stiumlus  equipment. 

d.  Automatic  fault  Isolation. 

e.  Faulty  ccofonent  isolation  by  rapid  solution  of  conplex  circuit 

equations. 

f .  Slnfllfied  program  modification. 

g.  Waveform  analysis. 

h.  Automatic  print-out  of  instructions  for  manual  operations. 

1.  Infroved  logistic  sifport  through  automatic  stock  control  and 
reliability  data  processing, 

;3.  Fallvire  prediction. 

We  are  convinced  that  a  versatile  electronics  performance  evaluation  set  can 
be  eofloyed  by  the  depots  to  substantially  reduce  maintenance  costs  and  inprove  the 
reliability  of  systems  wd  conf onents  that  have  been  repaired  and  re-evEQ.uated  with 
these  techniques. 

The  use  of  automatic  test  equipment  this  past  year  on  the  AN/aeC«-27  arid,  the 
APX»6A  and  -25  equipments  has  saved  the  Air  Force  thousands  of  dollars  by  providing 
reliable  equipment  fran  existing  alrcjreift  instead  of  flrom  new  procurement.  In  the 
case  of  the  AN/aeC-27  project,  vhlch  T  discussed  in  my  earlier  talk,  more  than  800 
sets  of  unknown  operating  condition  were  automatically  and  ;.rapldly  evaluated. 

More  than  300  of  these  were  found  to  be  functional. 
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During  the  APX  testing  operation,  over  1100  units  were  checked  with  ATE,  and 
almost  too  were  found  to  he  serviceable.  These  sets  were  immediately  made  available 
for  use.  We  did  not  have  to  wait  the  normal  long  time  for  procurement  and  delivery. 

Another  benefit  of  such  performance  evaluation  equipment  is  ilie  reduction  in 
repair  time  resulting  from  better  diagnosis  of  faults  within  the  unit  under  evalua¬ 
tion.  This  derives  from  rigid  adherence  to  proper  test  routines  and  better  reliabil¬ 
ity  in  making  decisions,  a  characteristic  of  automatic  performance  evaluation 
equipment. 

Now  let’s  take  a  look  at  typical  times  presently  required  to  test  units  and 
caB5)are  these  with  times  which  could  be  achieved  with  a  versatile  depot  electronics 
performance  evaluation  capability. 

In  the  case-  of  the  APN-59>  the  present  depot  test  time  is  8  hours  and  30 
minutes.  Using  automated  techniques,  this  could  be  reduced  to  to  minutes.  The 
hook-up  time  does  not  delay  a  test  if  proper  equipment  is  provided  for-  alternating 
test  fixtures.  One  \inlt  can  be  connected  and  warm-up  cem  be  started  vhlle  the  other 
unit  is  being  automatically  evaluated. 

In  the  case  of  other  equipments,  conparison  of  test  times  are  as  follows: 

For  .  the  AJRC-58,  13l|-  hours  conpared  to  I9  minutes; 

For  the  ABC-65,  1?^  hours  against  27  minutes; 

For  the  ARN-21,  6-3/4  hours  against  1  hour  and  10  mlnutesj 
For  the  ALT-6B,  2  hours  against  12  minutes. 

In  order  to  test  a  system,  it  must  be  connected  to  the  proper  power  supplies 
and  receive  the  correct  Inputs,  The  resulting  outputs  are  measured  and  conpared  with 
required  tolerances  or  limits,-  In  the  majority  of  the  tests  in  today’s  tech  -orders, 
this  evaluation  is  a  slnple  conparison.  In, some  cases  a  calculation  must  be  meuie  to 
evaluate  performance.  Because  of  this  requirriaent  ,we-  are  carefully  studying  the 
application  of  automatic  computing  equipment  to  handle  these  cases.  We  are  also 
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studying  the  use  of  ccniputer  control  logic  or  control  circuitry  to  sin?)lify  and 
Efpeed  up  automatic  performance  evaluation.  Our  findings  thus  far.  indicate  that 
ccanputer  techniques  can  he  used  advantageously.  We  believe  that.,  in  the  next  5 
years,  con^juters  will  play  an  Increasingly  dominant  role.  We  believe  this  so 
strongly  that  it  is  our  recommendation  that  any  ATE  equipment  purchased  from  now  on 
should  be  coii55atible  with  computer  control- 

It  is  also  our  belief  that  a  versatile  performance  evaluation  set  will 
Involve  a  large  number  of  sei^ice  \inits  in  the  beginning.  It  is,  however,  our  con¬ 
viction  that  as  such  equipment  is  applied  in  the  field,  better  test  procedures  and 
in5)roved  signal  generating  eqxilpment  will  evolve.  This  has  already  proved  to  be 
correct  as  far  as  AC  and  DC  power  supplies  are  concerned,  A  limited  number  of 
programmable  supplies  have  replaced  many  power  supplies  of  the  fixed  output  type 
in  other  automated  systems. 

In  establishing  a  versatile  performance  evaluation  system,  we  find  that  the 
nxanber  of  units  required  to  test  an  added  system  becomes  less  as  the  total  number 
of  systems  the  set  can  evaluate  Increases,  It  is  estimated  that  a  set  specifically 
integrated  to  test  the  systems  referred  to  in  this  presentation  can  perform  85^  of 
the  tests  on  any  other  system  to  be  encountered  in  the  depot. 

With  this  equipment  we  can  introduce  for  the  first  time  an  auto-visual 
analyzer.  This  unit  will  so  slniplify  piece  part  isolation  that  the  actual  test 
time  will  be  reduced  to  minutes,  rather  than  the  hours  required  by  present  methods. 
An  analysis  has  been  made  of  our  logistic  data  handling  system,  AFM  66-1, 

The  operator’s  console  can  lncl\ide  an  IBM- type  card  piinch  control  which  will  enable 
the  set  to  couplet ely  coordinate  with  our  over-all  logistics  system.  Expeditious 
routing  of  reparable  items  throu^  the  logistic  concept  is  asstored. 

It  is  interesting  to.  note  that  in  the  case  of  the  AW/ARC-.27  tests  being 
conducted  by  this  depot,  reliability  of  eqidpments  tested  by  automatic  test 
equipment,  as  conpaxed  to  other  methods,  has  shown  considerable  improvement. 
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Not  only  have  we  been  able  to  substantiate  the  fact  that  satisfactory 


equipments  reach  the  S.A.C.  base,  but  the  mean-'i^tiine  between  failure 
equipment  has  been  notably  increased. 

The  elimination  of  the  human  factor  in  test  evaluation  is  an 
logistic  necessity. 


of  AN/ARC-27 


obvious 
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PLIGHT  EVALUATION  OP  THE  RESULTS 
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AND  ITS  ASSOCIATED  TECHNIQUES 

by 

PRANK  J.  RUTHER 

INTRODUCTION 

In  the  years  since  World  War  II,  we  have  experienced  a  rapid 
growth  In  technology  concerning  Military  Weapons  Systems .  This 
growth  was  due  to  the  demand  for  more  overall  precision  and  generally 
higher  standards  of  performance  all  through  the  life  of  the  equipment 
being  lused.  The  higher  performance  continually  expected  of  the 
equipment  plus  the  complex  functions  which  are  a  part  of  modern 
weapons  systems  have  created  a  Pandora’s  box  of  maintenance  problems. 

The  requirement  that  equipment  be  maintained  on  a  "ready  for 
action"  basis  can  no  longer  be  met  with  a  multi-purpose  meter,  a 
standard  signal  and  a  tube  tester.  As  a  result,  specialized  support 
equipment  has  been  developed  to  help  maintenance  reduce  down  time  and 
aborted  missions.  It  Is  estimated  that  the  cost  of  support  equipment 
has  reached  70  percent  of  the  total  cost  of  the  weapons  systems.  In 
many  cases,  the  support  equipment  Is  specialized  so  that  It  also 
becomes  obsolete  with  the  weapon  system. 

In  an  effort  to  reduce  the  cost  of  ground  support,  to  achieve 
standardization,  and  eventually  to  Increase  combat  readiness,  the 
Air  Force  Is  presently  exploring  the  area  of  automatic  testing 
equipment.  One  phase  of  this  work  Is  being  conducted  by  the  Service 
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Engineering  Division  here  at  Dayton  Air  Force  Depot,  where  several 
types  of  automatic  testing  equipments  are  being  evaluated  at  the 
depot  maintenance  level, 

ADVANTAGES  OF  ATE 

Now  someone  asks,  "why  should  we  do  all  this?  What  la  to  be 
gained?"  the  advantages  that  are  usually  presented  are  these; 

1.  Increased  reliability 

2.  Uniformity  of  testing 

3.  Faster  testing 

4.  Less  skill  required 

5.  Logistic  control 

6.  More  economical 

The  possibility  of  Increasing  the  reliability  of  an  equipment  Is 
of  special  Importance  to  the  military,  and  some  proven  facts  to  back 
up  the  theoretical  gains  are  certainly  required  concerning  the  effect 
of  ATE  techniques  upon  reliabilities  of  operational  equipments. 

NEED  FOR  A  CONTROLLED  TEST 

From  the  foregoing.  It  becomes  obvious  that  a  controlled  compari¬ 
son  of  ATE  versus  manual  methods  of  testing  Is  one  of  the  steps 
required  In  order  to  determine  the  true  worth  of  ATE  and  Its  associated 
testing  techniques . 

For  the  controlled  comparison.  It  was  decided  that  although  bench 
testing  would  be  cheaper,  the  proof  of  the  value  of  different  mainte¬ 
nance  techniques  would  rest  with  actual  performance  of  the  sets  In 
operating  military  aircraft.  If  sets  repaired  with  the  aid  of  ATE 


provided  no  detrimental  effect  on  equipment  reliability  oi*  If  It 
Improved  reliability  In  the  environment  of  our  front  line  aircraft, 
then  a  decision  as  to  ATE’s  usefulness  can  be  made  based  on  cost 
considerations,  ease  and  standardization  of  repair,  etc. 

With  the  decision  to  carry  the  evaluation  to  the  field ■ operational 
bases,  we  then  have  to  consider  how  to  collect  the  data  necessary  to 
arrive  at  decisions  and  conclusions  concerning  the  objectives  of  our 
test.  One  method  Is  to  make  out  some  forms  which  when  properly 
filled  out  provide  Information  on  the  hours  of  operation,  conditions 
surrounding  failures,  and  other  Items  of  a  complete  case  history  on 
each  set  assigned  to  the  evaluation.  These  forms  along  with  a  quantity 
of  equipments  to  be  evaluated  can  be  sent  to  an  operating  Air  Force 
unit  with  Instructions  on  how  to  proceed  with  the  test.  Then  one  only 
has  to  wait  until  sufficient  data  accumulates  to  do  adequate  analysis 
and  you  have  your  answer.  In  the  past,  all  attempts  to  conduct  tests 
In  this  manner  have  fallen  apart  due  to  lack  of  understanding,  lack 
of  communications  and  other  lacks  too  numerous  to  mention.  The  equip¬ 
ments  Initially  Installed  end  up  scattered  all  over,  time  records  are 
In  error  or  missing  altogether  and  no  conclusions  are  arrived  at  all. 
The  worst  part  of  such  aborted  tests  Is  that  Irreplaceable  time  Is 
lost  to  say  nothing  of  the  money  that  has  been  wasted. 

A  second  method  Is  to  employ  technical  personnel  who  have  the 
assigned  responsibility  for  carrying  out  the  field  program  of  relia¬ 
bility  and  nothing  else.  These  people  should  be  skilled  In  the  use 
of  statistical  tools  which-  have  been  developed  to  help  In  arriving 
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at  sound  conclusions  concerning  whole  populations  of  Items  although 
a  relatively  few  may  be  tested.  Also  they  must  have  engineering 
backgrounds  to  understand  the  use  of  the  equipment  and  the  environ¬ 
mental  conditions  which  may  affect  equipment  performance. 

The  second  method  has  the  following  advantages: 

1.  Personnel  concerned  with  the  program- can  be  given  a  thorough 
understanding  of  the  objectives  and  expected  accomplishments  of  the 
study; 

2.  A  high  Interest  In  the  study  can  be  maintained  In  the  field 
at  the  source  of  the  data  throughout  the  duration  of  the  test; 

3.  As  a  result  of  their  understanding  of  the  study  objectives 

and  their  close  dally  contacts  with  the  aystem  and  with  user  personnel, 
field  personnel  can  make  decisions  as  necessary  to  keep  the  study  on 
the  right  course; 

4.  Data  supplied  by  field  personnel,  under  conditions  of  close 
monitoring  and  recheck,  require  a  negligible  amount  of  rework  and  ' 
Inteicpretatlon  during  analysis; 

5.  Selective  attention  can  be  given  to  developing  details  of 
trends  that  are  pertinent  to  the  evaluation; 

6.  Inconsistencies  and  errors  in  the  data  can  be  detected 
through  checks  and  corrective  action  taken  at  (or  close  to)  the  time 
of  occurrence; 

7.  The  work  of  data  collection  Is  taken  off  of  the  military 
personnel  who  have  the  prime  responsibility  of  keeping  fighting 
aircraft  ready  to  go. 
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The  foregoing  list  Is  not  complete  but  represents  some  of  the  more 
Important  reasons  for  assigning  technical  and  administrative  conduct 
of  controlled  field  studies  to  personnel  skilled  In  the  concepts  of 
sample  testing. 

Another  factor  essential  to  the  success  of  the  field  study  Is  a 
detailed  written  document  which  Is  In  effect  a  "work  statement"  for 
the  work  to  be  done  during  the  field  study.  This  study  work  statement, 
If  properly  planned  and  written.  Is  the  primary  medium  for  coordinating 
the  plans  of  the  project  engineering  group  and  the  measurement,  data- 
collectlon,  and  processing  work  of  the  field  group.  If  the  over-all 
evaluation  program  Is  of  such  magnitude  that  several  people  are 
assigned  to  the  study,  either  In  the  same  or  In  different  field 
locations  —  or  If  there  la  any  possibility  of  personnel  dislocation 
during  the  course  of  the  study  —  a  clearly  written  work  statement 
serves  to  protect  the  original  objectives  of  the  test. 

The  final  essential  Item  In  the  success  of  any  field  study  In 
military  aircraft  Is  to  have  the  approval  and  support  of  the  military 
authorities  at  the  sites  selected  and  their  headquarters  group.  The 
test  should  be  conducted  so  that  no  Interference  with  the  military 
operations  result.  An  Important  portion  of  the  study  is  to  make  the 
evaluation  In  the  environment  of  the  aircraft  as  used  by  the  military. 
If  we  dictate  how  the  aircraft  must  be  used  or  how  maintenance  should 
’^e  done  for  purposes  of  the  study,  we  may  well  change  the  environment 
from  normal  usage.  These  conditions  must  be  maintained  throughout  the 
duration  of  the  test. 
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Late  In  1959  we  of  the  Service  Engineering  Division  here  at 
DAAPD  studied  the  possibilities  for  Just  such  a  controlled  comparison, 
and  later,  awarded  a  contract  to  ARINC  Research  Corporation  of 
Washington,  D.C.^for  a  comparison  of  the  field  of  reliability  of 
manually  processed  RT-I78/ARC-27,  airborne  receiver-transmitter  unit, 
with  those  tested  and  repaired  using  ATE, 

To  avoid  any  chance  of  bias,  it  was  decided  to  use  the  services 
of  an  Independent  agency  to  conduct  the  field  evaluation  for  comparing 
performance  of  the  two  groups  of  sets.  This  was  considered  important 
since  at  the  present  state  of  development,  most  people  working  with 
ATE  have  developed  rather  strong  feelings  either  for  or  against  the 
equipment  in  use . 

In  addition,  ARINC  Research  Corporation  had  available  a  trained 
Field  Organization  using  proven  data  collection  techniques,  and 
experienced  in  working  at  Military  Bases,  In  the  following  discussion, 
it  should  be  noted  that  the  RT-I78  transceiver  unit  is  not  Itself 
being  evaluated,  but  is  merely  being  used  as  a  gauge  for  measuring 
the  relative  effectiveness  of  the  ATE  and  manual  testing  and  repair 
techniques. 

SPECIFIC  TEST  PLAN 

As  stated  previously,  the  general  objective  of  this  study  is  to 
determine  if  Improved  field  reliability  results  from  the  using  of 
ATE  in  the  test  and  repair  of  transceiver  units.  With  this  in  mind, 
we  will  examine  the  test  plan  in  detail,  and  then  consider  the  specific 
objectives.  The  test  plan  description^ is  as  follows: 
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One  hundred  and  forty  transceiver  linlts  were  selected  at  random 
from  those  returned  to  the  depot,  and  divided  Into  two  groups  of  70 
each;  those  to  be  Initially  repaired  by  the  depot  shop  with  the  aid 
of  ATE,  and  those  to  be  Initially  repaired  by  the  depot  shop  using 
manual  methods.  These  groups  were  subsequently  sub-dlvlded  to  create 
the  four  test  segments  shown  In  Chart  2.  The  quantities  were  deter¬ 
mined  from  previously  measured  failure  rates  and  standard  statistical 
techniques . 

Sets  assigned  to  each  test  segment  were  equally  divided  between 
the  two  types  of  aircraft  (B-47  and  KC-97)  to  provide  equal  chance 
of  survival  of  each  test  group  in  case  the  different  aircraft  provide 
sufficiently  different  environments  to  affect  set  failure  rate.  In 
order  to  protect  the  test  design  of  approximately  equal  quantities  of 
sets  from  each  test  category,  sufficient  spares  are  provided  to 
prevent  switching  of  sets  from  aircraft  to  aircraft  or  Installing  too 
many  of  one  category  due  to  a  concentration  of  failures  In  another 
group . 

The  actual  plan  for  Installing  the  units  In  operational  aircraft 
is  shown  In  Chart  .  Control  of  initial  and  subsequent  Installations 
Is  being  maintained  by  ARINC  Research  Corporation  field  personnel  to 
assure  equal  accumulation  of  operating  time  by  the  various  groups,  and 
to  obtain  maximum  operating  time  for  those  units  Initially  Installed. 
In  addition,  these  personnel  are  responsible  for  keeping  accurate 
records  on  the  history  of  each  set  In  the  test.  These  records  Include 
hours  In  service,  conditions  surrounding  malfunctions,  maintenance 

r 

action  taken  and  retest  results  on  any  parts  replaced. 
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TEST  OBJECTIVES 


Now  that  we  have  reviewed  the  test  plan,  we  will  consider  the 
specific  objectives  of  the  test. 

The  first  objective  Is  to  establish  the  reliabilities  of  the 
transceivers  maintained  by  the  various  methods  shown  on  Chart  2. 

1.  Test  segment  number  one  consists  of  transceivers  tested 
and  repaired  by  means  of  ATE  only. 

2.  Test  segment  number  two  consists  of  transceivers  Initially 
tested  and  repaired  by  means  of  ATE  and  subsequently  by  field  shop 
personnel . 

3.  Test  segment  niimber  three  consists  of  transceivers  tested  and 
repaired  manually  by  the  depot  shop  only. 

4.  Test  segment  number  four  consists  of  transceivers  Initially 
tested  and  repaired  manually  by  the  depot  shop  and  subsequently  by 
the  field  shop. 

The  word  "subsequently"  In  the  case  of  segments  2  and  4,  means 
"after  a  first  Installation  of  a  transceiver  In  an  operational 
aircraft" . 

The  second  objective  Is  to  determine  the  reliabilities  of  trans¬ 
ceivers  In  terms  of  "mean  time  to  failure"  and  distributions  of  "mean 
times  to  failure". 

The  third  objective  Is  to  collect  and  analyze  failure  and  flight 
data  to  determine  how  failure  patterns  are  Influenced  by  different 
maintenance  procedxires. 
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TEST  RESULTS 


Although  the  test  Is  now  completely  Installed  and  the  data 
collection  is  proceeding  satisfactorily,  no  positive  trends  have  yet 
been  established  as  far  as  the  main  objective  of  the  test  Is  concerned 
--  that  Is,  the  mean  times  to  failure  of  the  transceiver  unit  In 
operational  usage  --  so,  to  avoid  any  possible  misinterpretation,  the 
presently  available  figures  will  not  be  given  at  this  time. 

Two  Interesting  sidelights  worthy  of  note,  however,  were  revealed 
during  the  Initial  processing  of  transceivers  at  the  depot  prior  to 
shipping  them  to  the  field. 

First,  approximately  five  times  as  many  parts  were  removed  from 
transceivers  processed  by  ATE  as  from  manually  processed  units. 

Forty  parts  and  tubes,  on  the  average,  were  removed  from  the  units 
processed  through  ATE,  whereas  an  average  of  only  eight  parts  were 
removed  from  the  manually  processed  units.  Possible  reasons  for  this 
difference  are  as  follows: 

It  Is  worthy  of  note  that  all  transceivers  processed  through  ATE 
were  subjected  to  dls-assembly,  static  and  dynamic  testing  of  sub- 
assemblies,  cardomatlc  test  of  tubes,  and  then  reassembly,  adjustment 
and  alignment  —  regardless  of  whether  they  passed  or  failed  the 
Initial  DATICO  check. 

The  transceivers  In  the  manually  processed  segments  were  given 
only  a  routine  "In-the-case'’  check  and  then  reworked  only  as  required 
to  correct  any  cause  for  rejection  found. 

The  Implication  here, Is  that  there  Is  an  average  of  32  "out-of- 
tolerance"  parts  remaining  In  the  manually  accepted  units  which  could 
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have  been  detected  by  present  ATE  techniques.  The  actual  quantity 
will  be  somewhat  less  than  the  ^2,  as  I  will  explain  later. 

Second,  verification  of  ATE  rejected  parts  Is  high.  Approximately 
80  percent  of  the  resistors  and  capacitors  rejected  by  ATE  were 
found  to  be  defective  during  subsequent  lab  tests. 

While  this  percentage  may  seem  low.  It  Is  quite  satisfactory 
when  you  consider  that  a  single  ATE  test  often  checks  two  parts 
simultaneously  and  that  both  parts  which  might  have  caused  the  out- 
of-tolerance  ATE  read-out  are  removed  rather  than  spend  additional 
time  doing  manual  trouble-shooting. 

Since  all  of  the  parts  removed  during  ATE  processing  are  not.  In 
fact,  out-of-tolerance,  It  follows  that  the  actual  quantity  of  bad 
parts  remaining  In  the  manually  processed  units  may  be  less  than 
the  32  parts  mentioned  previously. 

The  percentage  of  tubes  rejection  confirmed  by  lab  tests  was  only 
50  percent.  This  low  percentage  caused  considerable  concern  and  a 
resultant  Investigation  revealed  that  the  programmed  limits  for  the 
Cardomatlc  Tube  Tester  vary  from  the  MIL-E-IB  limits  due  to  special 
cards  used  for  critical  RT-I78  tube  sockets.  A  review  of  data  should 
present  a  more  favorable  percentage. 

Only  tubes,  resistors,  and  capacitors  have  been  lab  checked  at 
this  time.  Other  components  may  be  subjected  to  lab  checks  when 
sufficient  quantities  have  been  accumulated. 

IMPORTANT  FINDINg3 

Thirty  percent  of  the  manually  tested  units  were  rejected  by  SAC 

r 

bench  tests  while  over  90  percent  of  ATE  tested  units  were  accepted 
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by  SAC  bench  test.  This  fact  alone  may  Justify  all  out  use  of 
ATE. 

PROBLEM  AREAS 

Although  the  controlled  test  has  not  been  In  progress  long  enough 
to  develop  any  firm  trends  as  far  as  the  main  test  objectives  are 
concerned.  It  has  run  long  enough  to  point  out  some  of  the  major 
problems  Involved  In  the  use  of  ATE.  The  problem  areas  which  I  will 
mention  are  the  usual  ones  which  have  been  discussed  at  length  before 
so  I  will  only  give  a  brief  statement  on  each  at  this  time. 

One,  programming  and  tolerance  determination  for  automatic  testing 
Is  still  In  a  rather  primitive  state  of  development  —  much  of  It 
being  done  on  a  trial  and  error  basis.  This  problem  will  probably 
resolve  Itself  as  more  and  more  experience  Is  gained  with  ATE.  It  Is 
likely  that  engineering  requirements  will  eventually  develop  a  large 
pool  of  talent  In  the  field  of  ATE  programming  In  the  same  manner  that 
It  did  In  the  field  of  computer  programming. 

Two,  the  major  problem  In  utilizing  ATE  to  test  RT-iyS  units  and 
sub-assemblies  Is  that  the  RT  unit  was  not  designed  to  be  tested  In 
this  manner  (or  any  other  manner).  Consequently,  physically  locating 
test  points  and  connecting  test  leads  to  them  tends  to  reduce  to  time 
advantage  which  Is  Inherent  with  use  of  ATE. 

Finally,  the  need  for  reliable  components  In  the  ATE  Itself  Is 
especially  pointed.  A  failure  In  an  ATE  module  might  cause  several 
units  of  equipment  under  test  to  be  rejected  and  disassembled  before 
the  ATE  was  suspected,  or, which  Is  worse  bad  sets  may  be  passed  and 
put  Into  operational  alrcrafv.  or  missiles, 
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CONCLUSION 

Before  closing,  I  would  like  to  mention  that  the  Service 
Engineering  Division  Is  In  the  process  of  adding  three  additional 
test  segments,  5>  6,  and  J,  to  the  current  test.  These  segments 
are  designed  to  evaluate  2  additional  levels  of  ATE  maintenance 
techniques  and  to  determine  the  reliability  and  maintainability  of 
DATICO  Model  DAT -001. 

I  hope  that  by  the  time  of  our  next  meeting,  we  will  have 
progressed  sufficiently  In  these  controlled  tests  to  make  some  positive 
.statements  about  the  mean  times  between  failures,  and  the  failure 
distributions  of  manually  processed  transceivers  and  the  ATE  processed 
units . 
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APPENDIX  I 

METHOD  OF  PROCESSING  RT  UNITS 
FOR  TEST  SEGMENTS  3,  6,  AND  7 


CLOSING  REMARKS 
by 


John  W.  Riggs,  Colonel,  USAF 
Chief,  Ground  Support  Equipment  l/M  Division 
Dayton  Air  Force  Depot 


CLOSING  REMARKS  BY  COLONEL  JCMN  W.  RIGGS 


We  have  tried  to  show  you  what  we  at  Dayton  do;  what  we  have  contracted; 

and,  to  a  degree,  what  the  Automatic  Test  Equipment  (ATE)  offers  us; 
what  it  offers  the  other  services.  We  have  shown  you  our  application 
of  the  ATE  in  the  Inertial  Guidance  System  at  Heath.  The  VATE  program. 

In  our  charge  with  the  ATE,  we  feel  that  the  VATE  program  is  a  part  of 
what  we  are  charged  with  along  with  the  program.  You  have  been  to  our 

shops.  You  have  seen  our  ATE  in  operation.  Our  down  time  is  getting 

shorter  and  shorter.  It  may  be  advantageous  for  us  to  go  back  and  have 
the  machine  modernized.  We  have  tried  to  give  you  the  objectives  as 
we  see  them  in  ATE  and  the  status  of  our  studies.  We  have  givan  you 
everything  that  we  have,  to  my  knowledge.  We  have  talked  about 
reliability  and  versatility  studies. 

We  feel  that  all  of  you  need  us,  and  I  know  that  we  need  you  and  we 

will  do  anything  within  our  power  to  attain  your  help.  We  cannot  make 

it  alone.  I  think  the  most  that  you  can  give  us  and  the  most  that  we 
can  give  you  is  our  mutual  desire  to  reach  a  goal.  We  must  have  a  mutual 
understanding.  This  is  one  purpose  of  our  Symposium.  We  feel  that  we 
have  a  lot  of  useful  data  here  and  we  want  to  make  distribution  of  it. 
When  you  leave  here,  you  will  receive  this  folder  which  contains  a  copy 
of  all  the  presentations  made  today.  Any  other  information  that  we  have 
here  we  want  to  pass  it  out.  Just  let  us  know  and  we  will  do  it.  We 
would  like  to  find  out  who  at  what  depot  Is  monitoring  the  ATE  program. 
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We  want  to  find  out  who  we  call;  who  we  talk  to.  Please  let  us  know  the 
chain  of  how  we  get  to  you.  If  you  want  to  know  something  from  this 
Depot,  send  your  inquiry  to  me  and  I  will  see  that  it  gets  to  the  proper 
person.  We  would  like  to  get  your  thoughts  on  what  information  you 
think  we  should  exchange.  We  don't  know  just  what  information  would  be 
best  to  give  you.  We  think  that  you  have  information  we  should  have. 

There  are  many  instances  when  people  can  do  something  for  you  and  would 
be  glad  to  do  it  for  you  if  they  only  knew  you  wanted  them  to.  We  feel 
that  we  have  only  a  basic  feel  for  the  preliminary  operational  concept 
of  ATE.  I  cannot  stress  too  much  that  we  feel  that  we  are  in  the 
embryo  state.  I  don't  believe  we  have  travelled  10%  of  the  distance  yet. 

I  would  like  to  know  what  to  present  to  the  weapons  phasing  groups.  What 
we  can  do  for  them  -  how  that  they  can  utilize  what  we  are  giving  them. 

I  would  like  to  know  how  we  can  augment  their  program.  What,  when,  how, 
etc.  We  are  going  to  have  to  give  a  lot  of  thinking  to  mock-up  inspections. 
We  are  going  to  have  difficulty  for  a  while  in  the  stock  numbering,  parts 
numbering,  etc.  That  is  a  minor  problem  that  we  will  resolve  within  AMC . 

We  would  like  to  give  you  and  receive  from  you  any  specification,  any  data, 
that  you  in  the  Army  or  Navy  or  any  other  area  have  or  may  know  about.  I 
believe  if  we  can  get  the  information  from  you  as  to  where  the  contact 
point  is,  and  if  you  will  let  us  know  who  to  see  where,  we  will  get  our 
data  out  to  you  promptly.  Some  of  you  are  from  an  area  that  has  access 
to  a  lot  of  money,  I  don't  know  how  much  money  we  will  get,  or  when 
we  will  get  it,  but  before  we  meet  again  we  want  to  come  to  some  kind  of 
plan  on  that.  I  hope  to  give  you  a  resume  on  the  money  picture  when  we 
meet  again. 
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WASHINGTON  D  C 

Mr.  John  R.  Taylor  -  Office  of  Secretary  of  Defense 
Lt.  Col.  Anthony  Queaada  -  Hqs  USAF  Pentagon 
Mr.  James  Grodsky  -  OSD,  OOOR&E 

DEPT  OF  NAVY 

Mr.  B.  L.  Poppert  -  Bureau  of  Ships,  Washington,  D.  C. 

Mr.  Kallet  Saunders  -  Bureau  of  Ships,  Washington,  D.  C. 
Mr.  J.  P.  Maynard  >  Bureau  of  Ordnance,  Washington,  D.  C. 

DEPT  OF  ARMY 

Mr.  Marlon  Anderson  -  U.  S.  ARGMA  Redstone  Arsenal,  Ala. 
2nd  Lt.  John  Neldhart  -  Redstone  Arsenal,  Alabama 

COMMAND'S 

Major  Robert  L.  Harrlman  -  SAC  Offutt  AFB,  Nebraska 
Mr.  E.  L.  Herndon  -  MATS  Scott  AFB,  Missouri 

AMA'S 


MAAMA 

Mr.  James  Bartlett 
Mr.  James  Callaghan 
Mr.  Lester  Mlllman 
Mr.  Lester  Ratcliff 

RQAMA 

Mr.  Walter  Thoni 
Mr.  Frank  Benvenga 

WRAMA 

Mr.  Richard  Snyder 
Mr.  0.  R.  Bailey 
Mr.  Richard  Jackson 

SAAMA 

Mr.  Robert  Patton 
Mr.  Robert  W.  Elwell 

SMAMA 

Mr.  Edward  Beyers 
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